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INTRODUCTION

Indian  su b c o n tin e n t  i s  r ic h  i n  d i v e r s i f i e d  f l o r a ,

many o f  v/hich y i e l d  e s s e n t i a l  o i l s .  Amongst the  v a r io u s

e s s e n t i a l  o i l s  produced i n  India"^ v e t i v e r  o i l  obta ined  by

steam d i s t i l l a t i o n  o f  r o o t s  o f  v e t i v e r  g r a s s  ( Y e t iv e r ia

z i z a n i o i d e s  L inn .)  i s  o f  corafflercial im portance. I t  i s  used

as a f i x a t i v e  i n  th e  b le n d in g  o f  perfumes fo r  th e  m anufacture
2

o f  soaps and many o th er  c o sm e t ic s  .
•

In In d ia ,  v e t i v e r  o i l  i s  p o p u la r ly  known as 'khus' 

and as a perlUme 'khus' has been t o o  w e l l  known t o  th e  Indians
3

s in c e  lo n g  tim e .

V e t iv e r  g r a s s  occurs in  w i ld ,  sem i-w ild  and
2

c u l t i v a t e d  form . In  i t s  w ild  s t a t e  i t  i s  fcund t o  grow on 

s lo p e s  o f  th e  Himalaya m ountains, i n  p a r t s  o f  In d ia ,  Ceylon  

and Malaya. I t  i s  c u l t i v a t e d  e x t e n s i v e l y  in  Java, Reunion 

I s la n d s ,  B r a z i l ,  S e y c h e l l e s  I s la n d s ,  M exico, C entral America 

(Honduras and G uatem ala), B e lg ian  Congo and many other  sub

t r o p i c a l  c o u n t r ie s .  In H a it i  (West In d ie s )  i t  grows se m i-w ild .

In In d ia  th e  g r a ss  grows w ild  in  t h e  f o r e s t s  o f  

U ttar  Pradesh, Punjab, Bharat pur and p a r ts  o f  Assajn and in  a 

sem iw ild  s t a t e  in  Assam, ELhar, O r issa ,  Hyderabad and Mysore
3

s t a t e s  . In  North In d ia  th e r e  are s e v e r a l  im portant r e g io n s  

which produce v e t i v e r  o i l  namely Bharatpur, Musanagar, Nawabganj



and Utarj^ura. The t i l l e r i n g  h a b it  o f  th e  g r a ss  and s c a t t e r i n g i
•

o f  th e  s e e d s  due t o  winds have r e s u l t e d  i n  la r g e  s c a le  n a tu ra l  

p rop aga tion  o f  th e  p la n t .  V e t iv e r  has a l s o  been c u l t i v a t e d  

as a crop i n  K erala  s t a t e ,  i n  e a s t  Godavari and Kurnool 

d i s t r i c t s  o f  Andhra Pradesh and i n  Y e lla n k u r  d i s t r i c t  o f  

Madras s t a t e .

The o i l  o b ta in ed  from t h e  r o o t s  o f  w i ld  o r ig i n  o f  

Korth Ind ian  r e g io n s  i s  la e v o r o t a t o r y  whereas th e  o i l  from
m

t h e  r o o ts  o f  c u l t i v a t e d  o r ig in  from South In d ia  i s  d e x tr o -
4

r o ta to r y  . The p h y s ico ch em ica l p r o p e r t i e s  o f  South In d ian  

o i l  are somewhat comparable w ith  t h o s e  o f  Java and Reunion 

I s l a n d s .  A s y s te m a t ic  chem ical exam in atio n  such as i s o l a t i o n  

and c h a r a c t e r i s a t io n  o f  t h e  d i f f e r e n t  c o n s t i t u e n t s  o f  v e t i v e r

o i l  from t h e  im portant r e g io n s  o f  I n d ia  v/as, t h e r e f o r e ,  thought  

t o  be very  d e s i r a b l e .  This work was a s s ig n e d  t o  the  j i s s e n t i a l  

O ils  D iv i s io n  o f  t h e  JSational Chemical Laboratory by th e  

E s s e n t i a l  O ils  Research Committee o f  C .S .I .R .  New x)e lh i.

P re se n t  knowled,^~e o f  c o n s t i t u e n t s  o f  V e t iv e r  O il ;

Most im portant and p io n e e r in g  work on th e  chem istry  

o f  th e  c o n s t i t u e n t s  o f  v e t i v e r  o i l  was done by Pfau and 

P la t t n e i ^ .  They i s o l a t e d  th e  two iso m e r ic  k e to n e s ,  a -  and 

P -v e t iv o n e s  ^15^22®’ from Java and Reunion v e t i v e r  o i l s  through  

t h e i r  sem icarb azon es. Erom a c o n s id e r a t io n  o f  th e  o p t ic a l  

i n a c t i v i t y  o f  t e t r a h y d r o - p - v e t iv o n e , t e t r a h y d r o - P - v e t iv o l  and 

t h e  o z o n o ly t i c  c leava ge  produ ct,h yd roxyk eton e  2̂ 20̂ 2

-  2 -
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d i f f e r e n f  d e r iv a t i v e s  o f  t h e s e  p r o d u cts ,  P fau and P la t t n e r  

concluded t h a t  th e r e  i s  a p lan e  o f  symmetry in  th e  m olecu le  

running through  th e  i s o p r o p y l id e n e  group and th a t  th e  r in g
7

fu s io n  i s  c i s .  Waves and P e r r o t t e t  confirm ed th e  m o lec u la r  

formula and th e  s tr u c tu r e  su g g e s te d  by Pfau and P la t t n e r .  By 

comparison o f  p h y s ic a l  p r o p e r t i e s  and exam in a tion  o f  Kaman 

sp e c tr a  o f  th e  two k e to n e s ,  a - v e t iv o n e ,  m .p. 5 1 .5 °  and 

p - v e t iv o n e ,  m .p. 4 4 . 5 ° ,  Waves and P e r r o t t e t  concluded t h a t  

th e  two k e to n e s  d if i ter ed  4n c o n f ig u r a t io n  at and t h a t  th e  

probable s t r u c t u r e s  for  a and p -v e t iv o n e s  would be (1 )  and (2 )  

r e s p e c t i v e l y .

O O

8oth er  workers namely, Kuzicka, Gapato and Huyser , Pfau and
5 9P la t t n e r  and Sabetay and Trabaud'', have rep o rted  th e  p resen ce

o f  b i c y c l i c ,  t r i c y c l i c ,  prim ary, secondary and t e r t i a r y

se sq u ite r p e n e  a lc o h o ls  but s t r u c t u r e s  o f  t h e s e  e x p o u n d s  have

not been e s t a b l i s h e d ,

Chiurdoglu and Tullen^^ i s o l a t e d  a hydrocarbon, 

^15^24* t r i c y c l o v e t i v e n e  from B e lg ia n  Gongo v e t i v e r  o i l  and 

s t r u c t u r e  (3 )  was a s s ig n e d  t o  i t ,  m ain ly  on th e  b a s i s  o f  

d e g r a d a t iv e  ex p er im en ts .
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C hiurdoglu  and D e c o t h a v e  a ss ig n e d  s t r u c t u r e s  t o  b i c y c l o -  

v e t i v e r o l  (4 )  and t r i c y c l o v e t i v e r o l  (5 )  though on ly  t r i c y c l o -  

v e t i v e r o l ,  C^^Hg^O , appears t o  have been i s o l a t e d .

12Herout and Horaanuk i s o l a t e d  a -  and p -v e t iv o n e s  

and prepared f U l ly  reduced hydrocarbons v e t iv a n e  and i s o -  

v e t iv a n e  from th e  k e to n e s .  They a l s o  i s o l a t e d  a s e r i e s  o f  

hydrocarbons namely, t r i c y c l o v e t i v e n e , b i c y c l i c  a -

and P - i s o v e t iv e n e n e s ,  and a -  and p -v e t iv e n e n e s  w ith  m olecu lar  

formulae d eh y d ro v e t iv en en e , and z iz a n e n e ,

^15^24’ Java v e t i v e r  o i l .  The in f r a r e d  s p e c tr a  o f

sa tu r a te d  hydrocarbons o f  a -  and p -v e t iv e n e n e s  wez’e found 

t o  be i d e n t i c a l  w ith  v e t iv a n e ,  th e  sa tu r a te d  hydrocarbon  

ob ta in ed  by r-eduction o f  a - v e t iv o n e .  The in fr a r e d  s p e c tr a  

o f  h e x a h y d r o d e r iv a t iv e s  o f  a - i s o v e t iv e n e n e  and p - i s o v e t iv e n e n e  

were i d e n t i c a l  w ith  i s o v e t iv a n e ,  th e  product o f  t o t a l  r e d u c t io n  

o f  p -v e t iv o n e .

In d ian  V e t iv e r  O il ;

rrom th e  North In d ian  iBharatpur v e t i v e r  o i l ,  a new 

prim aiy s e s q u ite r p e n e  a lc o h o l  k iiu so l,  m .p, 101-102®,
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was i s o l a t e d  and c h a r a c te r i s e d  by B h attacharyya  and coworkers^ 

as r e p r e se n te d  by s t r u c tu r e  ( 6 ) .

CHaOH
8T

R ecently  from North In d ian  Moosanagar v e t i v e r  o i l  a new 

secondary s e sq u ite r p e n e  a i c o h o l ,  C^^H2gO, m .p .6 5 °  ( [ct]^^-57° ) 

was i s o l a t e d  i n  t h i s  la b o r a to r y  by B h attacharyya  and coworkers  

On s y s te m a t ic  chem ical e x a m in a tio n , i t  was found to  be an 

o p t i c a l  an tip ode  o f  ju n en o l ,  » ni.p, 65* ,̂ ( 3 9 °  )

i s o l a t e d  by Soim and coworkers frcrx ju n ip e r  o i l  and was t h e r e 

fore named as la e v o ju n e n o l  ( 1 2 ) .  D ihydrojunanol (8) m .p .1 1 5 °

( [« ]  “ 0 ) ,  was s y n t h e s i s e d  frcra sa n ta n o l id e  ’C' ( 7 ) .  I t  

cave a m e lt in g  p o in t  d e p r e s s io n  on admixture w ith  d ih yd ro-  

le v o j u n e n o l .  The a b so lu te  c o n f ig u r a t io n s  o f  junenol (11) and 

la e v o ju n e n o l  (12), were determ ined by B hattacharyya and coworkers

by th e  s y n t h e s i s  o f  jun en o l from th e  la c t o n e  (10) which was
16obta ined  from c o s tu n o l id e  (9) by p a r t i a l  hydrogenation and 

c y c l i s a t i o n  in  a c id i c  medium.

15



In th e  p r e se n t  i n v e s t i g a t i o n ,  South In d ian  v e t i v e r  

o i l  o f  c u l t iv a t e d  o r ig i n  (K era la , South In d ia )  and North  

In d ian  v e t i v e r  o i i s  o f  Bharatpur and Biswan area  were s y s t e 

m a t i c a l ly  examined fo r  i s o l a t i o n  and c h a r a c t e r i s a t io n  o f  th e  

c o n s t i t u e n t s .

The d e x tr o r o ta to r y  South Ind ian  o i l  i s  coaposed o f  

s e s q u ite r p e n e  hydrocarbon*, k e to n e s ,  iTlcohols and e s t e r s .  Four 

new hydrocarbons have been i s o l a t e d  - frcxa t h i s  o i l .  I s o l a t i o n  

and e lu c i d a t i o n  o f  s t r u c tu r e s  o f  two o f  t h e s e  hj'^drocarbons (A) 

and (3 )  have been d e sc r ib e d  in  Chapters 1 and 2 o f  th e  p resen t  

t h e s i s .

In  Chapter 5 fo l lo w in g  work has been in c o rp o ra te d  ;

( i )  i s o l a t i o n  and p a r t i a l  c l ia r a c t e r i s a t io n  o f  a new t r i c y c l i c

a s u le n ic  hydrocarbon (C ), p o s s e s s in g  tiuaiane ty p e  o f

carbon s k e le t o n ,

( i i )  i s o l a t i o n  and c h a r a c t e r i s a t io n  o f  a new hydrocarbon 

(D)j probab ly  w ith  eudesmane carbon s k e le t o n  and w ith  t h r e e  

double bon ds, two o f  which are in  c o n ju g a t io n  and

( i i i ) i s o l a t i o n  and p a r t i a l  c h a r a c t e r i s a t io n  o f  a now t r i c y c l i c

secondary s e sq u ite r p e n e  a l c o h o l ,  (J i) . The a lc o h o l  (ii)

does not p o s s e s s  normal ty p e  o f  carbon frame v;ork encountered  

i n  s e s q u i t e r p e n e s  such as th e  s u b s t i t u t e d  n a p th a le n ic  or 

a z u le n ic  t y p e ,  but in d ic a t e d  th e  p resen ce  o f  a carbon s k e le to n  

c o n ta in in g  fused  f iv e  and s i x  membered r in g s .

-  6 -

P re s e n - t  I n v e s t i g a t i o n  ;



In  Chapter 4 ,  e lu c i d a t i o n  o f  s t r u c tu r e  and absolute^  

con fL gu ration  o f  K hu sino l, a c i y s t a l l i n e  secondary a lc o h o l  

i s o l a t e d  frcm Bharatpur and Biswan v a r i e t i e s  o f  v e t i v e r  o i l  

has been d e sc r ib e d .

Cadinenes and C adinols j

S ince  many o f  th e  p rod u cts  i s o l a t e d  from v e t i v e r  

o i l  by us p o s s e s s  cadinane s k e le to n  (1 3 )»  chem istry  o f  compounds 

b e lo n g in g  t o  t h i s  g r o u p ’i^  b r i e f l y  rev iew ed  below .

The term cadinene i s  g e n e r ic  and i s  a p p l ie d  t o  th o se  

group o f  s e sq u ite r p e n e  hydrocarbons and t e r t i a r y  a l c o h o l s  which 

y i e l d  c r y s t a l l i n e  ( - ) - c a d in e n e  d ih y d r o c h lo r id e  m.p. 118°. ( 2 3 ) .  

There i s  a l s o  a group o f  compounds, which y i e l d  ( i )  cadinene  

d ih y d r o ch lo r id e  m.p. 105-106°  and y e t  anoth er  group which y i e l d  

(+ ) -c a d in e n e  d ih y d r o ch lo r id e  m.p. 11 8° . A l l  th e s e  compounds 

g iv e  cadalene  on d eh yd rogenation .

P-Cadinene was i s o l a t e d  from th e  o i l  o f  cubebs
17( P ip er  cubeba L .) by Soubeiran and C a p ita in e  in  1840, through

th e  c r y s t a l l i n e  d ih y d r o c h lo r id e .  I t s  c o n s t i t u t i o n  was not
18f u l l y  e s t a b l i s h e d  u n t i l  1942, when Campbell and Sofffer  

unambiguously l a b e l l e d  th e  p o s i t i o n s  o f  double bonds i n  th e  

Cadinane sk e le to n *  (13) and e x p r e sse d  i t s  formula as in  ( 1 4 ) .

-  7 -

* The numbering o f  carbon atoms i s  a cco rd in g  t o  Barton and
19 20coworkers which was fo l lo w e d  by Herout and Romaijuk

f o r  t h e  c a d i n a n i c  co m p o u n d s .
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15

Later on o t t e r  hydrocarbons w ith  th e  same carbon  

flramework (15) but d i f f e r i n g  only  in  p o s i t i o n s  o f  two double  

bonds were i s o l a t e d  from d i f f e r e n t  e s s e n t i a l  o i l s .  There 

are n in e  t h e o r e t i c a l l y  p c fts ib le  iso m ers  (14—22) hav in g  double  

bonds a t ta c h e d  t o  and C^q , capable  o f  y i e l d i n g  th e  same 

cadinene d ih y d r o ch lo r id e  ( 2 3 ) .

14 15 16

17

l o 21



a-Cadinene (15) i s  not known so  fa r .  j3-Ca<iinene 

(14) i s  w id e ly  d i s t r ib u t e d  i n  n a tu re . /-C ad in en e  (21) i s

known t o  be p r e sen t  in  c i t r o n e l l a  oil^"*’ ^^. (^cadinene (16)
23 2 2 24occurs i n  t h e  o i l  o f  y la n g -y la n g  , c i t r o n e l l a  ' , sweet

fLag^^ and o i l  o f  iialse cubebs^^. I t  gave a c r y s t a l l i n e

d ie p o x id e ,  m .p. 8 4 ° .5 .  Herout and h i s  coworkers^"^ gave

ev id en ce  fo r  s t r u c tu r e  (16 )  on th e  b a s i s  o f  f a i lu r e  o f  Grignard

reagent and m e th y l- l i th iu m  t o  add t o  th e  d ie p o x id e ;  th e  two

double bonds were thei-efctt'e a s s ig n e d  s t e r i c a l l y  h indered

p o s i t i o n s  as in  (16 ) c o n s i s t e n t  w ith  th e  in f r a r e d  spectrum

and form ation  o f  cadinene d ih y d r o ch lo r id e  ( 2 3 ) .  (— Cadinene (18)
23was i s o l a t e d  from th e  o i l  o f  y la n g -y la n g  , which on o z o n i-

z a t io n  gave two m oles o f  formaldehyde and a c r y s t a l l i n e

d ik e to n e ,  m .p. 113°. / j -C a d in e n e  (19) has been i s o l a t e d  by
28 29B hattacharyya and coworkers *  ̂ from Malabar lem oncgrass o i l .  

Sukh Dev and Guha dem onstrated th e  p r e sen ce  o f  /^ -c a d in e n e  

(19) and ^ -c a d in e n e  (18) i n  t h e  o i l  from o le o r e s in  o f  

Hardwickia p in a t a . R ecen t ly  /^ -c a d in e n e  (20) has a l s o  been
31

i s o l a t e d  i n  t h i s  la b o r a to r y  by Bhattacharyya and coworkers'^ 

from Biswan and Bharatpur v e t i v e r  o i l s .

The i s o l a t i o n  o f  p, / ,  <i, ^ and cad in en es

has proved  th e  e x i s t e n c e  o f  s i x  isom ers o f  ca d in e n e s .

S te re o ch em is tr y  o f  Cadinenes and G adinols ;

S te re o ch em is tr y  o f  ca d in en es  and c a d in o ls  i s  now 

known through X-ray d i f f r a c t i o n  a n a ly s i s  o f  th e  c r y s t a l l i n e

- 9 -
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c a d in e n e ‘ d ih y d r o ch lo r id e  (m .p, 118^, [a ]^ ^ -3 6 ° )  and cadinene

dihydrobromide (m .p. 1 2 4 ° , [ c t ] ^ - 3 6 ° ) .  A l l  isom ers which

y i e l d  t h e  same ( - ) -c a d in e n e  d ih y d r o ch lo r id e  or dihydrobromide

must p o s s e s s  the  same c o n f ig u r a t io n  at asymmetric carbon atoms

1, 6 and 7 o f  cadinane (13 )  s k e le t o n ,  s in c e  t h e s e  c e n tr e s  are

not in v o lv e d  during t h e  course o f  p r e p a r a t io n  o f  t h i s  d e r iv a t iv e ,
3 2X-Ray d i f f r a c t i o n  a n a l y s i s  was c a r r ie d  out by Hanic , who 

r e p r e s e n te d  the  s t e r i c  s t r u c tu r e  o f  cadinene d ihydro bromide 

by (24b) or i t s  m irror  i^fftge, where th e  two r in g s  are t r a n s  

fu sed , th e  t h r e e  a lk y l  groups are e q u a to r ia l  and th e  two 

hsdogens are a x i a l  and l i e  on th e  same s id e  o f  th e  m o lec u le .

COOH

H

(b)

>
I
C -
II
I
CH,

COOH

CH>

'CH,

OH,

In  order t o  e s t a b l i s h  t h e  a b s o lu te  c o n f ig u r a t io n  

o f  a l l  c e n t r e s ,  i t  was n e c e s s a r y  t o  e s t a b l i s h  th e  a b so lu te  

c o n f ig u r a t io n  o f  only one o f  th e  asymmetric c e n tr e s  C^, Cg

A chem ical p r o o f  i n  favour o f  c o n f ig u r a t io n  (24) wasor Cy.
.33put forward by Sorm and coworkers*^ , by i s o l a t i n g  D - ( + ) - i s o 

propyl s u c c i n i c  a c id  (25 ) o f  known configuration ^ '^ , amongst

th e  d eg ra d a tio n  produ cts  o f  pure p -cad in en e  by co n cen tra ted
35n i t r i c  a c id .  The r e s u l t s  o f  d ip o le  moment measui'ements 

are a l s o  i n  accordance v /ith  s t r u c t u r e  (24-).



Further support in  favour o f  c o n f ig u r a t io n  (24)  

was o b ta in ed  by t h e  a p p l ic a t io n  o f  o p t i c a l  r o ta t o r y  d i s p e r s io n .  

Sorm and coworkera^^ had i s o l a t e d  two c r y s t a l l i n e  k e ton es  

during th e  cou rse  o f  i n v e s t i g a t i o n  o f  th e  s t r u c t u r e  o f  a -c a d in o l ,  

a-G adinol m .p. 7 4 ° .5  (26) i s o l a t e d  form ju n ip e r  o i l ,  on t r e a t 

ment w ith  p e r p h th a l ic  a c id  gave a m ixture  o f  o x id o a lc o h o ls  ( 2 7 ) ,  

t h e  predominent isom er  o f  which on r e d u c t io n  w ith  l i th iu m  

aluminium h yd rid e  gave a c r y s t a l l i n e  d i o l  m.p. 214 -216° ( 2 8 ) .

The d i o l  on chromic a c i t^ ^ x id a t io n  gave th e  k e to a lc o h o l  m.p.

1 0 9 ° .5  ( 2 9 ) .  The d eh yd ration  o f  d ih y d r o -a -c a d in o l  (50) by 

t l i i o n y lc h lo r id e  and p y r id in e  a f fo r d e d  a m ixture o f  hydrocarbons, 

c o n ta in in g  50% o f  th e  hydrocarbon ( 5 1 ) ,  which on o z o n o ly s is

-  11 -

gave th e  k e to n e ,  m .p. 75 .5  ( 5 2 ) .

.OH

o



The r o ta to r y  d i s p e r s io n  curves o f  th e  two k e to n es

(29 & 32) are o f  a n t ip o d a l  t y p e .  The curve o f  th e  hydroxy-

ketone (2 9 )  i s  o f  the same ty p e  as t h a t  o f  s y n t h e t i c  9 -n ie th y l-
37- t r a n s - d e c a l “4 -on e  iivith known a b so lu te  c o n f ig u r a t io n  as  

r e p r e se n te d  i n  ( 5 3 ) .  The a b s o lu te  co n ja g u r a t io n  o f  the  

k eto n es  can t h e r e fo r e  be r e p r e se n te d  a s  i n  t h e  formulae {29 & 32)

Thus x -r a y  d i f f r a c t i o n  a n a l y s i s ,  chem ical methods 

o f  d eg r a d a t io n  and c o n c i s i o n s  from o p t i c a l  r o ta t o r y  d i s p e r s io n  

s t u d i e s  o f  t h e  k e to n e s  (29 & 32) are a l l  i n  agreement w ith  th e  

c o n f ig u r a t io n  (24a) a s s ig n e d  t o  cad inene  d ih y d r o c h lo r id e .  These 

f in d in g s  p e n a it  th e  assignm ent o f  c o n f ig u r a t io n s  t o  p ( 3 4 ) ,  

y  { 3 5 ) ,  i  (36) and ^ (37) -  ca d in e n e s .

-  12 -

(-f)-y'-Cadinene ( 35)

(+ ) - (5 -Cadinene (36)



C adinols  *: _

Of the  tw e lv e  t h e o r e t i c a l l y  p o s s i b l e  c a d in o ls  which 

can g iv e  r i s e  t o  ( - ) - c a d in e n e  d ih y d r o c h lo r id e ,  only  t h r e e

isom ers so  fex  have been found in  n a tu r e .  a -C ad ino l m .p .7 4 ° .5
3 8was i s o l a t e d  by P la t t n e r  and Markus'^ from Java o i t r o n e l l a  o i l .

I t  was l a t e r  on found t o  be p r e sen t  i n  th e  o i l  o f  Jun iperus  

communis L. and i t s  s t r u c tu r e  was d e te r n in e d  by 35im and 

coworkers^^ and Sofifer h i s  c o l la b o r a to r s^ ^  s im u lta n e o u s ly  

and in d e p e n d e n t ly ,  as ex p r essed  i n  ( 3 8 ) .  I t s  a b so lu te  c o n f i 

g u r a t io n  i s  a l s o  known s in c e  i t  g iv e s  ( - ) - c a d in e n e  d ih ydro

c h lo r id e ;  th e  hydroxy group i s  a s s ig n e d  a -eq .uationa l o r ie n t a t io n  

from i t s  ease  o f  e s t e r i f L c a t i o n  and mode o f  deh yd ration .

A c r y s t a l l i n e  a lc o h o l ,  m .p. 135°, was i s o l a t e d  by

Haagen-Smit and coworkers^^ from th e  heavy o i l  f r a c t io n  o f

P in us a l b i c a u l i s  and was named as a l b i c a u l o l .  A lb ic a u lo l  was

a l s o  found t o  be p r e s e n t  i n  th e  o l e o r e s in  o f  P inus armandi '̂*
4 2and in  th e  heartwood o f  Chainaecyparis law son ian a  . i^;rdtman

43 oand cow oi^ers i s o l a t e d  a c r y s t a l l i n e  c a d in o l  m.p, 139-140

from th e  c o n i f e r  Pil/^erodendron u v ife ru m . (D.Don) I l o r i n ,

which th e y  named as p i l g e r o l .  The same ca d in o l  was a ls o

found t o  be p resen t  i n  th e  o i l  o f  J u n ip eru s cooimunis. and

Sorm and coworkers^^ named i t  as  ^ -c a d in o l ,  as  i t  showed th e

p r e sen ce  o f  a t e t r a s u b s t i t u t e d  double bond (873 cm“ ^) and

s t r u c tu r e  (39) was su g g e s te d  t o  i t .

-  15 -



Anderson and coworkers proved th e  i d e n t i t y  o f  

a l b i c a u l o l  and ^ c a d i n o l ,  and r e v is e d  th e  s t r u c tu r e  o f  

^ c a d i n o l ,  as i n  (40) on t h e  b a s i s  o f  N.M.R. spectrum o f  

^ c a d i n o l  and o f  O.R.D, curve o f  t h e  s a tu r a te d  ketone ( 4 1 ) .

He fu r th e r  su g g es ted  t h a t  th e  name ^ -c a d in o l  should  be abandoned 

s in c e  i t  no lo n g e r  c o n ta in e d  a t e t r a s u b s t i t u t e d  double bond.

The hydroxy group i s  a s s ig n e d  p - a x ia l  o r ie n t a t i o n  s in c e  i t  i s  

d i f f i c u l t  t o  e s t e r i j ^ .

-  14 -

44

40 41
Another c a d in o l ,  m.p. 79 » was i s o l a t e d  by Sorm 

and coworkers^^ from th e  o i l  o f  Jun iperu s communis and i t s  

s t r u c t u r e  i s  b e in g  i n v e s t i g a t e d .

45

The second c l a s s  o f  compounds which y i e l d  o p t i c a l l y

i n a c t i v e  cadinene d ih y d r o ch lo r id e  has lo n g  been known. The

wood o i l  o f  l^SQxylon frazeranum Benth was examined by Penfold'

He rep orted  t h a t  th e  s e s q u ite r p e n e  f r a c t io n  o f  t h e  o i l  y i e ld e d
4 6an o p t i c a l l y  i n a c t i v e  d ih y d r o c h lo r id e .  H e l ly e r  and McKern 

frcHii th e  same o i l  prepared th e  (+) d ih y d r o c h lo r id e  m .p. 105-106°  

and proved t h a t  i t  was th e  racem ic  form o f  cadinene dihydro

c h lo r id e ,  m.p, 119°. The o p t i c a l l y  i n a c t i v e  s e s q u ite r p e n e  

reg en era ted  from (+) cadinene d ih y d r o ch lo r id e  m .p. 105-106°  

was named by them as d s y so x y lo n e n e .



(+ )-C adinene  d ih y d ro ch lo r id o  m .p. 105 -10 6° , was 

a l s o  o b ta in ed  jErom a se sq u ite r p e n e  f r a c t io n  o f  o i l  o f  Lantana 

canara L. named as m c r a n e n e ,  by KafUku and coworkers'^'^ and 

3ebe^^. Su therlan d  and Hildebrand^^ c o n c lu s iv e ly  proved  

th a t  dysoxylonene i s  o p t i c a l l y  i n a c t i v e  i - c a d in e n e  ftom 

d eg ra d a tio n  experim ents and from com plete i d e n t i t y  o f  I .K .  

spectrum o f  (+) dysoxylonene d iep o x id e  (m .p . 8 6 -8 7 ° )  and o f  

i - c a d in e n e  d iep ox id e  (m .p . 8 4 ° .5 ,  + 1 3 ° ) .

The t h i r d  c l a s s  o f  compounds which y i e l d  (+)-G adinene  

d ih y d r o c h lo r id e  (m .p. 118° , [ a ] ^  + 36°) at p r e sen t  com prises  

o f  on ly  a :few compounds. These compounds are a n t ip o d a l  t o  

ca d in e n e s  and c a d in o ls  y i e l d i n g  ( - ) - c a d in e n e  d ih y d r o ch lo r id e  

(m .p , 118°, -  36°) d e sc r ib ed  e a r l i e r .

The o ld e s t  known exam ples were r e p o r te d  by Grimal^^ 

i n  1902, who prepared  (+ ) -c a d in e n e  d ii iyd roc lilo r id e  (m.p. 118°) 

from a f r a c t io n  o f  A t la s  Cedar o i l  and by Penfold^^ from l e a f  

o i l  o f  Eriostem on c o x i i . M uell .  l i ’om a se sq u iter p e n e  f r a c t io n

(w hich  was about 95%) o f  e s s e n t i a l  o i l  o f  M etrosideros sc a n d en s .
5 2  0Gardner had o b ta in ed  (+ ) -c a d in e n e  d ih yd roch lor id e  (m.p. 119 »

’ a]jj + 3 0 ° ) .  I t  d ep ressed  t h e  m e l t in g  p o in t  o f  ( - ) - c a d in e n e

d ih y d r o c h lo r id e ;  and from th e  m e l t in g  p o in t curve Gardner

concluded th a t  t h e  (+ ) -c a d in e n e  d ih y d r o ch lo r id e  obta in ed  by

him was an o p t i c a l  antipode o f  ( - ) - o a d in e n e  d ih y d r o c h lo r id e
K-2

norm ally  o b ta in ed  from c a d in e n e s .  L ater  on Birch'^'^ examined  

th e  same o i l  and sep a ra ted  aromadendrene and a s e sq u ite r p e n e

- 15 -
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( [cx], - 8 0 ° ) ,  which y i e ld e d  cadalene  on dehyd rogenation  and 

(+ ) -c a d in e n e  d ih y d r o c h lo r id e  (m .p, 117°) w ith  dry hydrogen  

c h l o r i d e .

K husinol t

22

A new, c r y s t a l l i n e , s e sq u ite r p e n e  a lc o i io l ,  k h u s in o l  

m.p. 8 7 °  ( 4 2 ) ,  which was r e c e n t ly  i s o l a t e d  and c h a r a c te r i s e d  

by us (C h apter  4) oan now be in c lu d e d  i n  t h i s  c l a s s  o f  compounds. 

K husinol appears t o  be -ftie f i r s t  secondary a lc o h o l  in  t h i s  

group. K husinol (42) was co n verted  i n t o  a hydrocarbon,
t

i d e n t i f i e d  a s  ( - ) - )^ -c a d in e n e ,  an enantiom er o f  ( + ) - / - c a d i n e n e ‘ 

( - ) - ) ' -C a d in e n e  obta in ed  from k h u s in o l ,  y i e l d e d  (+ ) -c a d in e n e  

d ih y d r o c h lo r id e  (m.p, 1 1 7 ° .5 ,  [ ^ 1 ^  + 3 6 ° .  2) and d ep ressed  th e  

m e lt in g  p o in t  o f  ( - ) - c a d in e n e  d ih y d r o c h lo r id e .  The 0 . R.D. 

curves o f  t h e  two d ih y d r o c h lo r id e s  a l s o  show enantiotner ic  

r e l a t i o n s h i p .  A bsolute conjELguration (4 2) has th e r e fo r e  been  

a ss ig n e d  t o  k h u s in o l .

4 2 43 44
.31The hydrocarbon C2.0) r e c e n t ly  i s o l a t e d

i n  t h i s  la b o r a to r y  has a l s o  been found t o  g iv e  (+ ) -c a d in e n e  

d ih y d r o c h lo r id e ,  and a b s o lu te  c o n f ig u r a t io n  (43) h a s ,  th e ire fo re ,  

been a s s ig n e d  t o  i t .



I t  i s  very  i n t e r e s t i n g  t o  observe t h a t  Bharatpur  

and Biswan v a r i e t i e s  o f  v e t i v e r  o i l  have y i e l d e d  an a lc o h o l ,  

k h u s in o l  (42) and a hydrocarbon /^ -c a d in e n e  (43) which y i e l d  

(+ ) -c a d in e n e  d ih y d r o c h lo r id e .  T h is  i s  very  im portant from 

b i o g e n e t ic  p o in t  o f  v iew . Moosanagar v a r ie t y  o f  v e t i v e r  

o i l  has a l s o  y i e l d e d  la e v o ju n e n o l ,  an enantiom er o f  ju n en o l .

)^^-Gadinene ( [a ]p^  -  18?9 ( c l e a n ) )  i s o l a t e d  from

Malabar lem ongrass o i l  ^ d  c h a r a c t e r i s e d  by B hattacharyya
28 29 oand coworkers ’  ̂ gave cadinene d ih y d r o c h lo r id e ,  m.p, 118 .

I t s  s p e c i f i c  r o t a t i o n ,  which was not determ ined a t th a t  tim e

has now been found t o  be + 36?81. The mixed m e lt in g  p o in t

o f  ( + ) -ca d in e n e  d ih y d r o ch lo r id e  d er iv ed  from k h u s in o l  and

th a t  ob ta in ed  from /^ -c a d in e n e  d id  not show any d e p r e ss io n .

The O.R.D. curve o f  ( + ) -ca d in e n e  d ih y d r o ch lo r id e  from

-ca d in e n e  a l s o  show en a n tio m eric  r e l a t io n s h ip  w ith  resp ec t

t o  ( - ) - c a d in e n e  d ih y d r o c h lo r id e .  A bsolute c o n f ig u r a t io n  (44)

can, t h e r e f o r e ,  be a s s ig n e d  t o  /^ -c a d in e n e .  Thus i t  a l s o

b e lo n g s  t o  t h e  a n t ip o d a l  group.

I so c a d in e n e s  and i s o c a d i n o l s  :

B e s id e s  cad in en es  and c a d in o l s ,  th e r e  are s e v e r a l

compounds known which p o s s e s s  cadinane s k e le t o n  but do not

a f fo r d  c r y s t a l l i n e  d ih y d r o c h lo r id e .  These are termed as

is o c a d in e n e s  and i s o c a d i n o l s .  S tr u c tu r e  (4 5 )  has been
54a ss ig n e d  t o  i s o z in g ib e r e n e  by Sof:fer e t  a l .  . During our  

p r e se n t  i n v e s t i g a t i o n  we have a l s o  i s o l a t e d  fran South Ind ian

- 17 -



v e t i v e r  o i l  two new i s o c a d in e n e s ,  which have been a s s ig n e d  

g r o s s  s t r u c t u r e s  (46 and 4 7 ) .  The d e t a i l s  are d i s c u s s e d  in  

Chapters 1 and 2 o f  t h i s  t h e s i s .

-  18 -
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CHAPTER -  I

ISOLATION AaD CHARACTERISATIQM 

OF A N̂ W S.SSQUITii;RPijNE HYDROCARBON 

HYDROCARBON A



CHAPT.gR I

SUMMARY

Ely c a r e f u l  f r a c t io n a t io n  and e la b o r a te  column 

chromatography over  n e u tr a l  a lum ina, a new se sq u ite r p e n e  

hydrocarbon, Hydrocarbon A. w ith  two double bonds

has been i s o l a t e d  from t ^  low er b o i l i n g  hydrocarbon fr a c t io n  

o f  South In d ian  v e t i v e r  o i l .  S tr u c tu r e  (1) i s  a s s ig n e d  t o  

i t  m ainly  on th e  b a s i s  o f  i t s  in f r a - r e d  spectrum , r e s u l t s  o f  

dehydrogenation  and o z o n o ly s i s .  The p o s i t i o n  o f  th e  t r i 

s u b s t i t u t e d  double bond was determ ined by th e  l a b e l l i n g  method 

o f  Campbell and S o f f e r .
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A gen u in e  sample o f  v e t i v e r  o i l  ( V e t iv e r ia  

z iz a n io d id e s  L in n .)  su p p lie d  by Mr. D.V.I>eo o f  Cochin, 

ob ta in ed  by steam d i s t i l l a t i o n  o f  th e  r o o ts  o f  c u l t iv a t e d  

v a r i e t y ,  was ta k e n  up for chem ical exam in ation . The crude 

o i l  was deep brown i n  c o lo u r .  I t  was d r ied  o ver  anhydrous 

sodium sulphate and th e  l a s t  t r a c e s  o f  m oisture  were removed 

by h e a t in g  in  an o i l  b a t V ( 1 1 0 ° )  under water pump s u c t io n .

The p h y s ic o ch em ica l  p r o p e r t i e s  o f  th e  o i l  were determ ined  

a f t e r  t o t a l  d i s t i l l a t i o n  o f  the  o i l  under reduced p r e s s u r e .

The o i l  d i s t i l l e d  o ver  a range o f  9 0 ° - 1 4 0 V 0 .3  mm in  a y i e l d  

o f  83^. The d i s t i l l e d  d e x tr o r o ta to r y  o i l  w ith  a g r e e n ish  

y e l lo w  c o lo u r  was c l e a r  and v i s c o u s  and i t s  p r o p e r t i e s  are 

d e s c r ib e d  in  th e  e x p e r im en ta l .

As a prelude t o  th e  i s o l a t i o n  o f  t h e  in d iv id u a l  

c o n s t i t u e n t s ,  th e  d i s t i l l e d  o i l  was sep a ra ted  i n t o  two major  

f r a c t io n s  :

(A) Lower b o i l i n g  f r a c t io n  : b .p .  72 -98°/0 *3  mm, which was 

m ainly  r i c h  in  se sq u ite r p e n e  hydrocarbons and

(B) th e  r e s id u e ,  which m ain ly  comprised o f  oxygenated  

c o n s t i t u e n t s  and henceforw ard w i l l  be r e fe r r e d  t o  

as h ig h e r  b o i l i n g  ' In a c t io n  B’ .

By f r a c t io n a t io n  and e la b o r a te  column chromatography on n e u tr a l  

alumina o f  some o f  th e  d e x tr o r o ta to r y  f r a c t i o n s  obta in ed  from

- 25 -
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th e  low er  b o i l i n g  f r a c t i o n ,  a  new se sq .u ite i^ en e  hydrocarbon, 

Hydrocarbon (A ), c o n ta in in g  two double bonds, was

i s o l a t e d  i n  a pure form. I t  p o s s e s s e d  th e  fo l lo w in g  p h y s ic o -  

- c h e m ic a l  c o n s ta n ts  ;

b .p .  9 4 ° /2  mmj [a]^^  + 6 8 ° .2 4 ;  n^^ 1 .5033j d | °  0 .9 0 5 0 ;

^5 .37}  '^15^24 2 r e q u ir e s  66 ,1

A n a ly s is  : Found ; C, 8 8 .0 7 ;  H, 11 .9 0 ;

^15^24 8 8 .1 6 ;  H, 1 1 .8 4^ .

S tr u c tu r a l  rfeatures

The in f r a r e d  spectrum o f  th e  hydrocarbon [jBig. 1' 

e x l i ib i t e d  s tr o n g  a b so rp tio n  bands at 891 and 1644 cm” ^,

c h a r a c t e r i s t i c  o f  a m e th y le n ic  double bond, = CHg and
“ 1  ̂bands at 816 and 1680 cm s u g g e s t iv e  o f  a t r i s u b s t i t u t e d

double bond. I t  d id  not show any c h a r a c t e i d s t i c  d ie n ic

a b so rp tio n  maximum i n  the  u l t r a v i o l e t  r e g io n  in d ic a t in g  th e

absence o f  c o n ju g a t io n  o f  th e  m eth y len ic  double bond w ith  th e

t r i s u b s t i t u t e d  double bond.

On de hydrogen at io n  w ith se len iu m , the hydrocarbon  

y ie ld e d  co p iou s  amount o f  cada len e  and a t r a c e  o f  v e t iv a z u le n e  

Cadalene was i d e n t i f i e d  th rou gh  i t s  p i c r a t e  and a l s o  through  

i t s  u l t r a v i o l e t  spectrum. Q u a n t ita t iv e  e s t im a t io n s  w ith  

p erb en zo ic  a c id  a f t e r  d i f f e r e n t  i n t e r v a l s  o f  tim e in d ic a t e d  

th e  p resen ce  o f  two double bonds i n  th e  m o le c u le .  On hydro

g e n a t io n  w ith  Adams c a t a l y s t  i n  g l a c t a l  a c e t i c  a c id ,  th e
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l i g .  1 -  I n fr a -r e d  spectrum ( l iq .u id  fLlm) o f  'Hydrocarbon A'

ifrSiS-AsS

c»H

l i g .  2 -  I n fr a -r e d  spectrum ( l i q u i d  f i lm )  o f
T e tra h y d r o d e r iv a t iv e  o f  ‘Hydrocarbon A’



hydrocarbon absorbed two m oles o f  hydrogen and fU m ished  a

tetrah yd ro  d er iv a tiv e  whose physicochem ical co n sta n ts  do

not agree w ith  any o f  th e  cadinanes rep orted  so  far in  th e
1 2l i t e r a t u r e  ’ . I t s  in fr a r e d  spectrum i s  reproduced ( i l g . 2 ) .

On p a ss in g  dry hydrogen ch lo r id e  in  e th e r e a l so lu t io n , th e  

hydrocarbon fa i le d  t o  g iv e  any c r y s t a l l in e  d ih ydroch loride  

and hence i t  belonged to  isocad in an e s e r i e s .  S tereo ch a n istry  

and a b so lu te  co n fig u ra tio n  o f  iso ca d in en es  i s  not known so
*

f a r .

On o zo n iza tio n  in  ca rb o n te tra ch lo r id e , both  

formaldehyde and a ceton e were obtained  as the v o la t i l e  

fragm ents. T’ormaldehyde was id e n t i f i e d  through i t s  dimedone 

d e r iv a t iv e  (m.p. 189°) and acetone through iodoform (m .p .138° ) .  

The form ation o f both formaldehyde and acetone during o z o n o ly s is , 

in d ic a te d  thab one o f  double bands was in  the form o f  i s o -  

propenyl s id e  chain; aceton e e v id e n t ly  was formed as a r e su lt

o f  iso p ro p en y l-iso p ro p y lid en e  in terc o n v e r s io n  during
3 6o z o n o ly s is  . T his statem ent was supported by the in frared  

curve o f  the n atu ra l product, which showed in te n s iv e  a b so lu tio n  

bands due to  a m eth y len ic  double bond. The n o n v o la tile  

product o f  o zo n o ly s is  showed th e  presence o f  aldehyde fu n ction  

(F e h lin g 's  so lu t io n )  and m ethyl ketone group (iodoform  t e s t ) .

I t  a ls o  gave a fa in t  but d is t in c t  v io l e t  brown co lo u ra tio n  

w ith  n eu tra l a lc o h o l ic  fe r r ic  ch lo r id e  so lu t io n , in d ic a t in g  

th e  presence o f  an e n o liz a b le  hydrogen. A ll th e s e  ob servation s  

le a d  t o  fo llo w in g  th ree  p o ss ib le  s tr u c tu r e s  ( 1) ,  (2) and (5) 

fo r  th e  hydrocarbon.
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2q

3a 8

The P -d ik etoa ld eh yd es (5) and ( 9 ) d erivab le  from ( la )  and (3a) 

w il l  respond to  fe r r lc o h lo r id e  c o lo u r a tio n , w hile th a t ftom 

(2a) w i l l  not g iv e  co lo u ra tio n  w ith f e r r ic c h lo r id e . To 

decide between the two probable s tr u c tu r e s  1 and 3 , the  

p o s it io n  o f  th e  t r i s u b s t i t u t e d  double bond wfils fix ed  by th e

la b e l l in g  procedure o f  Campbell and S o ffe r  .
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in  g en era l, has been known t o  be in  th e  fo llo w in g  in c r e a s in g  
8order .

R e a c t iv ity  o f  perbenzoic acid  and p e r a c id s ,

^4 ^2 ^

= C \
R f

S le e t r o p h il ic  su b s t itu e n ts  such as a lk y l groups in c r e a se  th e  

r a te  o f  r e a c t io n s . The p r e fe r e n t ia l  r e a c t iv ity  o f  a t r i 

s u b s t itu te d  double bond towards perbenzoic  a c id  over a 

m eth ylen ic  double bond i s  to o  w e ll known. The hydrocarbon 

under exam ination was allow ed t o  react w ith  one mole o f  

p erbenzoic  a c id  at 0 °  for tw elve  h ou rs. The product was a 

monoepoxide (1 0 ) .  I t s  I.R .spectrum  in d ic a te d  th a t  th e  

m eth ylen ic  double bond had remained in  ta c t  (888 and 1638 cm“ )̂ 

and th a t th e  t r i s u b s t i t u t e d  double bond had disappeared w ith  

the foim ation  o f  epoxide, (bands at 1271, 1197 , 758 , 711 and 

1724 cm“ ^). The band at 1724 cm"”' appears t o  be due to  

p a r t ia l  iso m er iza tio n  o f  th e  epoxide to  a c y c l ic  ketone. The 

Grignard complex o f  th e  monoepoxide, prepared by the action  

o f  m ethylm agnesium iodide, was deccsnposed by d i lu te  h yd roch loric  

acid  and th e  t e r t i a i y  a lc o h o l ( 11) so  obtained  was dehydrogenated  

w ith  sulphur at 180-190°. The re su lta n t product was 2-m ethyl- 

cadalene (12) identijGLed through p ic r a te  m.p. 142° and T.W.B.



adduct m.p, 167° and mixed mel-ting p o in t . The new se sq u i

terp en e  hydrocarbon can, th e r e fo r e , be rep resen ted  by th e  

stru c tu r e  ( 1), and the sequence o f  r e a c t io n s  in vo lved  in  th e  

l a b e l l in g  procedure are shown below.
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Stereochem istry  and nom enclature o f  th e  Hydrocarbon

S tereochem istry  o f  cad inenes and ca d in o ls  has been 

determ ined through X-ray d if f r a c t io n  measurement o f  the  

c r y s ta l l in e  cad in en ed ih yd roch lorid e^ . Since th e  new hydro

carbon from v e t iv e r  o i l  d id  not y ie ld  c r y s ta l l in e  cadinene  

d ih y d ro ch lo r id e , no d ir e c t co n c lu sio n  can be drawn as regards 

i t s  s tereo ch em istry . The physicochem ical co n sta n ts  and the  

in fr a r e d  spectrum o f  the sa tu ra ted  hydrocarbon a ls o  do not 

agree w ith  th o se  reported for the te tr a h y d r o d e r iv a tiv e s  o f  p, 

/ ,  i  and cadinenes^ .



According t o  th e  nom enclature su ggested  by Herout 

and coworkers^^ and Sorm and h is  c o l la b o r a to r s ^ \  which i s  

a p p lica b le  not only t o  cadinenes which y ie ld  cadinene dihydro

ch lo r id e  but a ls o  to  o th ers p o sse ss in g  cadinane sk e le to n , th e  

new hydrocarbon can be named as cad ina, - 9 , 11 (12  or 13) -  

diene ( 1) .

-  29 -
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so

1 '

An a lte r n a t iv e  way which can d ecide the stereoch em istry  o f  

the hydrocarbon ( 1) seems to  be the study o f  rotatory  d isp e r s io n  

curve o f  th e  sa tu rated  ketone w ith th e  k e to  group at 

p o s it io n .  But due to  p a u c ity  o f  m a ter ia l t h i s  could not be 

done at t h i s  s ta g e .
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In t h i s  t h e s i s ,  a l l  m eltin g  p o in ts  and b o il in g  

p o in ts  are uncorrected . Alumina used fo r  chromatography 

was a c id  washed n e u tr a lise d  and standard ised  accord ing to  

Brockmann’s method. Commercial so lv e n ts  were p u r if ie d ,  

dried  and d i s t i l l e d .  Petroleum  e th e r  r e fe r s  to  fr a c tio n  

b .p . 6 5 -6 3 ° , S p e c if ic  r o ta t io n s  wera ta k en  in  chloroform  

s o lu t io n . In fra -red  sp e c t i’a were recorded on Grubb-Parson 

Double Beam Spectrophotom eter or on Perkin-jilm er In fracord  

137b w ith  sodium ch lor id e  o p t ic s .  U lt r a -v io le t  sp ectra  

were determ ined on Unicam 3P.500 U.V. spectrophotom eter or 

on iBeckman DK2 Recording Spectrophotom eter in  Syfo e th a n o lic  

s o lu t io n s .

+ + + +
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EXPERIMENTAL

Physicochem ical ProTjerties o f  South Indian V etiver  O il 

o f  c u lt iv a te d  oripiin

The o i l  (10 lb s )  was procured from Mr. D.V.Deo, 

Cochin, through the Chairman, i i s s e n t ia l  O ils Research Committee, 

C ouncil o f  S c ie n t i f i c  & I n d u s tr ia l Research, Nqxy P e lh i ,  I t  

was dried  over anhydrous sodium su lp h ate and f in a l ly  by h ea tin g  

in  an o i l  bath at 110° under w ater pump su c t io n . The o i l  was 

then  t o t a l l y  d i s t i l l e d  under i>educed pressure (b o i l in g  range 

90-1 4 0 °/0 * 3  nm) in  an approximate y ie ld  o f  85^'. The p h ysico

chem ical p r o p e r tie s  o f  th e  d i s t i l l e d  o i l  wei^ determ ined : 

d;̂  ̂ 0 .9372; + 18*̂  (c le a n )}  1 .5226; e s t e r  n o ,16 .9;

e s t e r  no. a f t e r  a c e ty la t io n  133; carbonyl content by hydroxyl- 

amine hydroch loride method (a s  C^ ÎI^^O) 15. 6^; acid  no. 7 . ^ ;  

s o lu b i l i t y  1 part d is s o lv e s  in  1.8  v o l .  o f  75% eth an ol.

The t o t a l l y  d i s t i l l e d  o i l  was then separated in to  

two major fra c tio n s  :

(A) Lower b o il in g  fr a c t io n , b .p . 7 2 -9 8 °/0 * 3  mjn; and

(B) the res id u e , which was l e f t  over a f t e r  removing th e  

fr a c tio n  (A ). I t  was m ainly com prised o f  oxygenated  

c o n s t itu e n ts  and w i l l  be re ferred  t o  as higher b o i l in g  

» fr a c t io n  ( B) ' o f  th e  o i l .



F raction  at io n  o f  A : This fr a c t io n  was r ic h  in  sesq u iterp en e  

hydrocarbons but scraie ketones were a ls o  p resen t as shown by 

th e  I .R . spectrum . I t s  carbonyl content as determined by 

hydroxylamine hydrochloride method was 10.58%. I t  was 

fr a c tio n a te d  in  a Tower's column u sin g  t o t a l  condensation  

p a r t ia l  take o f f  type s t i l l  head and fr a c t io n s  were c o lle c te d  

on an equal volume b a s is .  D eterm ination o f  r e fr a c t iv e  in d ic e s  

and o p t ic a l r o ta t io n s  o f  th e  v a r io u s  fr a c t io n s  alongw ith I ,f t ,  

ob servation  rev ea led  th a t sep a ra tio n  was not s a t i s  fee t ory.

A fter r e fr a c t io n a t in g  some o f  th e se  fr a c t io n s ,  th e  r o ta t io n a l  

data showed the pixssence o f  both dextro and la e v o  ro ta to ry  

liydrocarbons. In one experin ient, a charije o f  475 g was 

fr a c tio n a te d  in  an S n il G re in ers’ column u sin g  a refLux r a t io  

o f  1:5 and 32 fr a c tio n s  were c o lle c te d  on an equal volume 

b a s is  (10 m l). The t a i l  fr a c t io n s  were very v is c o u s  and 

d id  not appear to  be composed o f  hydrocarbons and were 

reta in ed  in  th e  d i s t i l l a t i o n  f la s k .  The column was washed 

w ith  acetone and th e washings a f t e r  removing th e  so lv en t were 

combined w ith  th e  resid u e  in  th e  d i s t i l l a t i o n  f la sk . This 

residue was d i s t i l l e d  se p a r a te ly  and p reserved . The b o il in g  

p o in ts , r e fr a c t iv e  in d ic e s  and o p t ic a l  r o ta t io n s  o f  v ar iou s  

fr a c tio n s  are ta b u la ted  in  Table 1 .
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Table -  ±

Fr.
No.

S t i l l
head
temp.

1 79°
2 79
3 80
4 81
5 81-82
6 83
7 84-86
8 86-87
9 88

10 8 8 -8 8 .5
11 8 8 .5
12 87
13 87
14 87-88
15 8 8 -8 8 .5
16 89
17 89
18 89
19 90
20 92
21 9 2 -9 2 .5
22 92
23 90-92
24 92-93
25 94
26 96
27 97
28 9 8 .5
29 101-105
30 106
31 110
52 112

bath Vac. no. o f  ml.
temp. mm. c o lle c te d n 25p a^ (clean ) Hemarks

155° 0 .25 5 1.5050 -  8 .7 Fractions
155 V 10 1.5043 -  7 .6 1 t o  3

11 n tt 1.5048 -  4 . 4 _ combined (A ^
ft tt tt 1.5062 + 0 .5
t l t l It 1.5078 + 5 .06
11 V • tt 1.5091 +10.6

158 tf tt 1.5114 +20.16
If tl tl 1.5103 +16.0
t l 11 tl 1.5130 +23.4 F ractions

160 n n 1.5142 +23.4 7 t o  14
II I I II 1.5149 +21.5 combined

158 11 tl 1.5151 +20.2 (A .)11 n II 1.5155 +19.0
160 fi It 1.5160 + 15 .8 _

?f tl It 1.5178 +  8 .4
162 II tl 1.5183 +  2.54

It It H 1.5196 -  2.5
ti n II 1.5206 -  6 .5
H tl W 1.5220 -1 6 .2
tt tt tl 1.5242 -2 9 .1

158 t l ft 1.5247 - 36.26
I I n 5 1.5260 “ 38.9 F raction s

165 0 .3 5 1.5196 -  2.6 21 t o  28
m 10 1.5228 -2 7 .2 combined

168 t l n 1.5288 -6 4 .3 (A ,)
172 It It 1.5316 -7 4 .5
173 tt n 1.5324 -uO .8

t« tl tt 1.5322 - 3 7 .4 _
180 0 .3 5 t l 1.5272 -  6.76
183 II II 1.5272 -  6.76
186 ft t l 1.5129 +  3 .3
186 Tl tl 1.5149 +  5.34



The data in  Table 1 revea led  tha-t p a r t ia l  sep a ra tio n  o f  th ree  

hydrocarbons was ach ieved . The v ar iou s fr a c t io n s  were 

combined in to  th ree  fr a c tio n s  as fo llo w s  :

: la ev o ro ta to ry  fr a c t io n  nos 1 t o  3 ; b .p .7 9 -8 0 ° /0 «  25 mm;

n^^ 1.5043;

Ag : d ex tro ro ta to ry  fr a c t io n  nos 7 to  14; b .p .8 4 - 8 8 ° /0 .25 mm; 

1.5145;

Aj ; la ev o ro ta to ry  fraci^ion nos 20 t o  28; b .p .92- 98° / 0 .3  mm; 

1 .5270 .

I s o la t io n  o f  hydrocarbon (A)
The combined fr a c tio n  A2 and variou s o th er  co rres

ponding d ex troro ta tory  fr a c tio n s  ob ta in ed  during e a r l ie r  

fr a c t io n a tio n s  were chromatographed on n eu tra l alumina (grade I ,  

r a t io  1:40) se v e r a l t im e s . The t a i l  fr a c t io n s  e lu te d  from 

the column were la e v o r o ta to iy . Since t h i s  d ex trorota tory  

hydrocarbon (Ag) was preceded by a la e v o ro ta to ry  hydrocarbon 

(A^) during fr a c tio n a tio n  and was fo llow ed  by another hydro

carbon (Aj) which was a ls o  la e v o r o ta to r y , i t s  d ex tro ro ta tio n  

could  be advantageously used during the course o f  i t s  i s o la t io n  

by chromatography and th e same could be regarded as a c r it e r io n  

o f  i t s  p u r ity  ( i . e .  th e  h igh er the d e x tr o r o ta tio n , the l e s s e r  

are the chances o f  admixture w ith  la e v o r o ta to r y  im p u r it ie s ) .

The course o f  chromatography was th e r e fo r e  fo llow ed  m ainly by 

d ete im in in g  the r o ta t io n s  w ith  o c c a s io n a l check through I .R . 

spectrum . Chromatography data o f  one such experim ent i s  

p resen ted  in  Table 2. Part o f  fr a c t io n  A2 (40 g) was 

chromatographed an alum ina (grade I ,  1 ,6  kg, r a t io  1:40) and 

th e  column e lu te d  w ith  petroleum  e th e r .
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Table -  2

Fra.
« o .

iiluent n o .o f  
ml.

w t, in
e

a
(c le a n )

1 Petroleum eth er 75 2.651 + 36.6
2 t l tl 2.373 + 4 0 .0

3 f l 100 3.139 + 3 3 .2

4 n M 3.684 + 30.9

5 tt • « 3 .367 +  30.1

6
It II 3.159 +  29.5

7 ft I I 3.126 +  28.5

8 tt II 2.854 +  28.0

9 If II 2.474 + 25.6

10 ri n 2.167 + 13.4

11 II 200 3 .810 + 20.2
12 tl It 2.567 + 12.4

13 tf 300 2.641 -  8 .0

fr a c tio n s  having the same order o f  r o ta t io n s  from 

d iffteren t chromatography batches were combined and re chromato

graphed se v e r a l tim es u n t i l  f in a l ly  no fu rth er change in  the  

r o ta t io n s  was observed. Such a fr a c tio n  was d i s t i l l e d  (tw ice )  

over sodium and was found to  p o sse ss  th e  fo llow in g  p h y sico -  

-ch em ica l co n sta n ts .



b .p . 9 4 ° /2  mm} [a]^^ + 6 s ‘̂ .24; 0 .9 2 3 0 ; 1 .5035;

.^L^D ^15^24 req u ire s  66 . 1 .

A nalysis ; Jound : G, 8 8 .0 7 ; H, 11,90;

^15^24 88 .16}  H, 11.84^.

Ultraviole"u spectrum was determined on a Uni cam sp ectrop h oto

m eter model SP-500 in  s p e c t i’o s c o p ic a lly  pui-e otli^ l a lc o h o l.

There was no absorption  maximum c h a r a c te r is t ic  o f  a d ie n ic  

system , •

Dehydro^enation o f  Hydrocarbon (A)

The hydrocarbon (1 g) was heated  w ith  selenium  

powder (1 .186  g) at 280- 290° for 24 h rs . in  n itro g en  atmosphere. 

The dehydrogenated product was tak en  up in  petroleum  e th er .

The e x tr a c t was concentrated  and chromatographed over alumina 

(grade I ,  180 g) and th e  column e lu te d  w ith  petroleum  e th er .

Two d is t in c t  co lou red  bajids were observed on th e  column. The

c o lo u r le s s  nonazu len ic  product was e lu te d  f i r s t  from th e  column.

The product was separated  in to  f iv e  main fr a c tio n s  (1) co lour

l e s s  nonazulen ic -  0 .216  g . ( 2) s l i g h t l y  blue coloured -  0.056  g . 

(3 ) blue coloured  -  0 .040  g . , (4 ) b lue and v io le t  coloured -

0 .0 2 5  g . and (5) v io l e t  coloured -  0 .035  g.

H on-azu len ic fr a c t io n  ;

iith erea l s o lu t io n  o f  fr a c t io n  2 ' was shaken with  

co ld  phosphoric a c id  to  remove tr a c e s  o f  azu len e . The 

nonazu len ic e th e r  la y e r  was washed fr e e  o f  a c id , d r ied  and
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evaporated  and th e  resid u e (0 .0 3 5 ) was added t o  non azu len ic  

fr a c t io n  1 above. I t  gave an orange coloui'ed complex with  

p ic r i c  a c id  which a f t e r  c r y s t a l l i s a t io n  from eth an o l had 

m.p. 115°. Mixed m eltin g  p o in t w ith an a u th en tic  sample o f  

cadalene p ic r a te  (m .p, 115°) was undepressed.

Blue azulene ;

Petroleum  eth er  s o lu t io n  o f  fr a c tio n  5 a f te r  shaking  

w ith phosphoric a c id  and decomposing the complex w ith  co ld  

water and e x tr a c t in g  w ith e th e r , f in a l ly  y ie ld e d  7 mg. o f  

azulene :

V is ib le  spectrum : at 615, 373, 372, 355, 339 mu ;

U ltr a v io le t  spectrum „ 284 , 321, 227 mp

The azulene could  not be id e n t i f i e d  fu rth er ,

V io le t  azulene :

I ta c t io n  no. 5 a f t e r  p u r if ic a t io n  through th e  
gave

phosphoric a c id  complex a v io l e t  coloured  azulene (0 .019  S) .

I t  gave 1, 3» 5 T .N.B. adduct m.p. 153° a f t e r  two c r y s t a l l i 

za tio n s  from eth a n o l. Pure azulene was rerenerated from th e  

T.N .B. adduct (m.p. 153°) by p a ssin g  th r o u ^  alumina column, 

and e lu t in g  w ith  petroleum  e th er  and petroleum  eth er  ; benzene 

m ixture ( 1 : 1 ) .  The combined e lu a te s  were concentrated  and 

th e  v i s ib l e  and u lt r a v io le t  spectrum determ ined in  e th an o l 

so lu t io n .
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V is ib le  spectrum 5 at 544, 550, 332, 300 m}i ;lu&A

U ltr a v io le t  spectrum:  ̂ o i  230 , 290 m}a .lu&X

The m eltin g  poin t o f  th e  T .N .B. adduct and th e  v is ib le  spectrum
12agree w ith  th ose  o f  v e t iv a z u le n e  recorded in  th e  l i t e r a tu r e  

iSstim ation  o f  U nsaturation in  th e  Hydrocarbon (A ):

(a) by hydro/?enation : The hydrocarbon (2 .281  g) 

in  g la c i a l  a c e t ic  a c id  t 20 m l.) was hydrogenated in  the  

p resen ce o f  platinum  oxide c a ta ly s t  (16 rag.) a t room tem perature  

and atm ospheric p r essu re . I t  absorbed hydrogen eq u iv a len t t o  

2.1 m oles in  5 h r s . The c a ta ly s t  was then f i l t e r e d  o f f  and 

th e  f i l t r a t e  d ilu te d  w ith w ater. The hydrogenated product 

was taken up in  petroleum  e th e r . The combined e x tr a c ts  were 

washed w ith  con cen trated  su lp h u ric  a c id  t o  remove any unsatu

ra ted  hydrocarbon p r e se n t , washed w ith  bicarbonate so lu tio n  

and f in a l ly  w ith w ater and d ile d . S o lvent was evaporated

and the product was d i s t i l l e d  over sodium.

b .p . 8 3 -847 o . 3 mmj 1.4850; [a]^^ + 7°.39  (G, 4 );

A n a ly sis  : Found ; C, 8 6 .7  5 H, 13.20;

^15^28 ** 86 .46 ; H, 13.54%

(b) by -perbengoic a c id  i Hydrocarbon (50 mg.) was 

tr e a te d  w ith  ex cess  o f  perbenzoic a c id  s o lu t io n  in  chloroform  

and was kept in  th e  r e fr ig e r a to r .  Blank experim ents were run 

sim u lta n eo u sly . The e x c e s s  o f  perbenzoic ac id  was t i t r a t e d  

a g a in st standard ised  sod ium thiosu lphate s o lu t io n  at d if fe r e n t
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in t e r v a ls  o f  t im e . I t  absorbed ( i )  1.799 m oles a f t e r  8 h r s .;

( i i )  1 .993 m oles a f te r  19 h rs . and ( i i i )  2.03 m oles a f t e r  48 h rs.

H ydrochlorination  o f  Hydrocarbon (A)

Dry h yd roch loric  a c id  gas was bubbled through dry 

e th e r e a l s o lu t io n  o f  the hydrocarbon (1 g . in  50 m l. eth er)  

for  sometime and the m ixture s e t  a sid e  overnight at 0 ° .

Solvent was removed under su c t io n  at 40^. She residue d id  

not d ep osit any c r y s ta ls  on p ro tra cted  c o o lin g  at - 10° .

Oizonolysis o f  Hydrocarbon (A)

A stream o f dry ozonized oxygen was bubbled through  

a s o lu t io n  o f  the hydrocarbon (1 g . )  in  ca rb on tetrach lorid e  

(20  m l.)  t i l l  the absorp tion  was com plete. The trap  w ater  

c o l le c t e d  during o z o n o ly s is  reduced I 'eh lin g 's  s o lu t io n , and 

T o lle n ’s reagen t, and gave dime done d e r iv a t iv e  (m .p. and mixed 

m eltin g  p o in t w ith formaldimethone 189°) and iodoform t e s t .

(m .p. 138°) in d ic a t in g  th e  presence o f  formaldehyde and aceton e. 

The ozon id e, a f te r  removing so lven t at 4 0 ° , was decanposed by 

h e a tin g  w ith  water (15 m l.) on a water bath for 3 h r s . and the  

ensuing ga ses were trapped in  w ater. This water a ls o  gave 

p o s i t iv e  t e s t s  fo r  formaldehyde and a ceto n e . The decomposed 

ozonide was taken up in  e th er  and shaken w ith sodium bicarbonate  

s o lu t io n  (5 ^ ). The n eu tra l e th er  la y e r  was washed w ith  w ater  

and d r ied . The so lv e n t was evaporated and the resid u e  

d i s t i l l e d ;  b.p* 135° (b a th ) /0 .0 0 2  mm. I t  gave v e iy  stron g
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t e s t  for an aldehyde group (I feh lin g 's  s o lu t io n ) ,  a m ethyl 

ketone group (iodoform  t e s t  in  d io x a n ), and a d is t in c t  v io l e t  

brown co lo u ra tio n  w ith a lc o h o lic  f e r r ic c h lo r id e .

A n alysis : Found ; G, 70 .6  ; H, 9 .5  ;

^ 14^ 2 2 ^ 3 7 0 * 5 5 ;  H, 9 . 5 1 .

The aqueous la y e r  co n ta in in g  sodium s a l t  o f  the 

a c id  was a c id i f ie d  and the product ex tra c ted  w ith  e th e r , irther 

e x tra c t was washed, dried  and so lv e n t removed. The residue  

gave p o s i t iv e  iodoform t e s t .  Attempts to  d i s t i l l  t h i s  m ater ia l 

gave only polym eric products.

Monoepoxide (10)

Perbenzoic acid  s o lu t io n  (1 mole; 55 ml, o f  6,27%  

in  chloroform  and benzene, 9 : 1) ,  was added grad u ally  in  th r e e  

in s ta lm en ts  at an in te r v a l o f  15 m inutes t o  the hydrocarbon

(5 g .)  in  co ld  chloroform  (20  m l.) and was kept in  the r e f r i 

gera tor  o v ern ig h t. The l ib e r a te d  benzoic  a c id  was removed 

by washing w ith  sodiumcarbonate so lu t io n  {3%) and th e  chloroform  

la y e r  was washed free  o f  a c id , d ried  over anhydrous sodium- 

su lp h ate and th e  so lv en t removed by d i s t i l l a t i o n .  A sm all 

p o rtio n  o f  the epoxide was d i s t i l l e d ;  b .p .1 1 5 °  (b a th )/0 .0 0 2 5  mm;

A n alysis  : Found : C, 80 .1  ; H, 10 .10;

Ci^Hg^O req u ire s  ; C, 8 1 .7 6 ; H, 10.98?».

I .E . Bands at : 1724, 1638, 1271, 1197 , 888 , 758 , 711 cm” ”*.

Th.
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The crude monoepoxide ( 1 . 4 - 3 1  g .)  in  dry e th er  (2 0  m l.) 

was added dropwise under c o o lin g  and s t ir r in g  d u iin g  30 m inutes 

t o  methorlmagnesiumiodide prepared from magnesium ( 0 . 4 6  g .)  and 

m eth yliod id e ( 0 . 5  m l.) in  dry e th er  ( 5 0  m l.) .  The con ten ts  

were re fluxed  for 4 8  h r s . w ith  s t ir r in g .  The Grignard complex 

was then  decomposed by th e  a d d itio n  o f  d i lu te  h yd roch loric  a c id . 

C ontents were tr a n sfe r r e d  t o  a sep a ra tin g  lU nnel, e th e r  la y e r  

separated  and the aqueous la y e r  was e x tr a c te d  w ith  e th e r  ( t w ic e ) .  

Combined e th e r  e x tr a c t was washed free  o f  a c id , dried  and the  

so lv e n t removed t o  g iv e  th e  r e s u lt in g  a lc o h o l ( 1.379 g . ) .

Dehydro/^enation o f  ( 11)

The crude a lco h o l ( 1 . 3 7 9  g .)  was heated  w ith sulphur  

( 0 . 8  g .)  at 1 8 0 - 1 9 0 °  for  5 h rs . in  n itro g en  atm osphere. The 

dehydrogenated product was taken up in  petroleum e th er , f i l t e r e d ,  

con cen trated  and chromatographed over alumina (grade I I ;  50 g . ) .  

The column was e lu te d  w ith  petroleum  e th e r . The resid u e  a f te r  

evap oration  o f  so lv e n t gave jjicra te  m.p. 1 3 5 °  on treatm ent w ith  

a lc o h o lic  s o lu t io n  o f  p ic r ic  a c id . A fter  two c r y s t a l l i s a t io n s  

from eth an ol th e  m e ltin g  poin t became constant at 1 4 3 ° .  P icra te  

( 0 . 0 2 7  g .)  was passed  through alum ina column (grade I I ,  4 g .)  

and e lu ted  w ith  petroleum  e th e r . The petroleum  e th e r  e lu a te  

a f t e r  removal o f  so lv e n t and on treatm ent w ith  a lc o h o lic  

s o lu t io n  o f  1 , 3 , 5  tr in itr o b e n z e n e  gave 1 , 3 , 5 - T . N . B .  adduct
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m.p, 167°, a f t e r  two c r y s t a l l i s a t io n s  from e th a n o l. Mixed 

m eltin g  p o in t w ith an a u th en tic  specim en o f  T .N .B . d e r iv a t iv e  

o f  2-m ethylcadalene was undepressed.
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CHAPTER -  I I

ISQLATIOH AND CHARACTERISATION

0 1  A NEW 3iiSQUITER?.EME HYDROCARBON 

HYDROCARBON B
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CHAPTER I I

SUMMARY

A new sesquiU erpene hydrocso’bon, ,

Hydrocarbon (B) w ith  -two double bonds, has been is o la te d  

from th e  h igh er b o il in g  fr a c t io n  o f  South Indian v e t iv e r  o i l .  

Etot a sy stem a tic  study o f  i t s  degradation  products and on 

th e  b a s is  o f  u l t r a - v io le t  and in fra red  sp e c tr a , i t  has been  

assign ed  th e  stru ctu re  (1 3 ) .

15



With a view  t o  stu d yin g  the oxygenated c o n s t itu e n ts  

o f  South Indian v e t iv e r  o i l ,  th e  h igh er b o i l in g  'E raction  B'

(p . 23) ,  which m ainly c o n s is te d  o f  oxjrgenated c o n s t itu e n ts ,  

was fr a c tio n a ted  in  a Tower's column w ith  a batch  s t r ip  s t i l l  

head and fr a c tio n s  were c o l le c t e d  on an equal volume b a s is .

The fr a c t io n a t io n  data (T able I , p. 51) showed th a t i t  was 

s t i l l  co n ta in in g  some I^ower b o il in g  fr a c t io n  d i s t i l l i n g  

between 97° t o  120°/1 The b o il in g  range o f  th ese  fr a c tio n s

(Nos. 1 and 2, Table I , p. 51) in d ic a te d  th a t i t  might s t i l l  

con ta in  some sesq u iterp en e  hydrocarbons and i t s  infrar-red  

spectrum showed th e  presence o f  both ketones and a lc o h o ls . The 

combined fr a c tio n  (214 g . ) was th e r e fo r e  chrcsnatographed on 

n eu tra l alumina when th e  hydrocarbons were e lu ted  w ith  hexane, 

k eton es w ith  hexanejbenzene m ixture ( 1 : 1) and a lco h o ls  w ith  

benzene and e th e r . The hexane e la te d  fr a c t io n  ( f r a c t io n  Nos.1 

t o  10, Table I I ,p . 52) appeared t o  c o n s is t  o f  at l e a s t  two 

se sq u ite i^ e n e  hydrocarbons, one a conjugated  d ien e , ( I,R.Bands 

at 1604 and 1628 cm“ ^) and the other moving slow ly on th e  column 

w ith  a h i ^ e r  r e fr a c t iv e  in d ex , p o s s ib ly  a t r ie n e  ( I .  R. Bands 

at 1603» 1633» 1662 cm“ ^ ), both being d ex tro ro ta to ry . Chroma

to g ra p h ic  fra c tio n s  1 to  6 (Table I I ,  p. 52) were rep ea ted ly  

chromatographed on grade I I  and grade I n eu tra l alumina u n t i l  

a homogeneous hydrocarbon fra c tio n  was obtained . Henceforward 

i t  w i l l  be relferred t o  as ilydrocarbon (B) (Table VI, p .5 5 ) .

I t  was p u r il ie d  by d i s t i l l a t i o n  under reduced p ressu re .
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The in fr a -r e d  spectrum o f  Hydrocarbon (B) showed 

s tro n g  bands at 1628, 1604, 888 and 814 cm“ \  su g g estin g  

con ju gation  o f  a m eth y len ic  double bond with a t r i s u b s t i t u t e d  

double bond. I t  a ls o  e x h ib ite d  a minor absorption  peak at 

1706 cm“ \  in d ic a t in g  th e  presence o f  a tr a c e  o f  ca rb o n y lic  

im p u rity , which accompanied i t  in  s p i t e  o f  repeated column 

chromatography over grade I alum ina. Correct e lem en ta l 

a n a ly s is  a ls o  could not be obtained for i t .  I t  was th e r e fo r e  

f e l t  n ecessary  t o  p u r ify  i t  through G irard 's reagent t o  obtain  

a pure sample free from k eto n ic  im p u r it ie s .  The in fr a -r e d  

Spectrum o f  th e  p u r if ie d  hydrocarbon (B) i s  reproduced in  

l i g .  3. There was no con sid erab le  d if fe r e n c e  in  th e  I .R . 

spectrum a f t e r  t h i s  treatm ent excep t th a t  the absorption  peak 

due t o  carb on y lic  im purity  was ab sen t. The hydrocarbon 

e x h ib ite d  a s in g le  a b so lu tio n  maximum in  th e  u l t r a - v io le t  

region  at 235 m̂ i in  e th a n o lic  s o lu t io n  ( lo g  ^ , 3 . 9496) .

T h is confirmed the p resen ce o f  a conjugated d ien ic  system .

S tru c tu ra l a sp ects  ;

The new sesq u iterp en e hydrocarbon ( B), *

on hydrogenation in  g la c ia l  a c e t ic  a c id  u sin g  Adams c a ta ly s t  

absorbed two m oles o f hydrogen and furn ished  a tetrah yd ro  

d e r iv a t iv e .  In fra -red  spectrum o f  t h i s  te tr a h y d ro d er iv a tiv e  

was id e n t ic a l  w ith  th a t  o f  the te tra h y d ro d er iv a tiv e  o f  cad in a-9 ,

11 (12  or 13) d iene,hydrocarbon (A) (Chapter I) i s o la te d  fl?om 

th e  same o i l  (T ig . 4 and 5 ) ,  though th ere  was s l ig h t  d iffe r e n c e
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in  the physicochem ical c o n sta n ts . The m olecu lar formula 

*^15^24 hydrogenation data su ggested  th a t i t  i s  a

b ic y c l ic  sesq u iterp en e hydrocarbon.

Varying y ie ld s  o f  cadalene upto 40?̂  were obtained  

when the hydrocarbon was dehydrogenated w ith  selenium  and 

sulphur r e s p e c t iv e ly .  The hydrocarbon on o zo n o ly s is  gave 

cop ious amount o f  formaldehyde ( id e n t i f i e d  through dimedone 

d e r iv a t iv e  m.p, and mixod m.p. 189°) as the only v o l a t i l e  

fragment and no acetone was d e te c te d . The n o n -v o la t ile  

p o rtio n  obtained a f t e r  decom position o f  th e  ozonide gave th e  

fo llo w in g  t e s t s  :

( i )  a p o s i t iv e  iodoform  t e s t  su g g estin g  th e  presence o f  

a m ethyl ketone group;

( i i )  Iteh lin g’s s o lu t io n  t e s t  in d ic a t in g  the presence o f  

an aldehyde fu n c tio n  and

( i i i )  n ega tive  t e s t  w ith  n eu tra l a lc o h o l ic  fe r r ic  ch lo r id e  

s o lu t io n  in d ic a t in g  absence o f  an e n o lisa b le  hydrogen.

On th e  b a s is  o f  q u a l i ta t iv e  t e s t s  g iven  by the  

o z o n o ly s is  products o f  the hydrocarbon, i t s  in fr a -r e d  bands 

at 1628, 1604, 888 and 816 and a s in g le  absorption

maximum at 235 mja su g g es tiv e  o f  a heteroannular d ie n ic  system^ 

where a t r i s u b s t i t u t e d  double bond i s  in  the r in g  and the  

oth er  i s  an e x o c y c lic  m eth ylen ic  one, a t e n t a t iv e  stru ctu re  (13) 

could be a ss ig n ed  to  th e  hydrocarbon B. Such a stru ctu re  

would g iv e  r is e  t o  an a -d ik etoa ld eh yd e (14) on o z o n o ly s is .
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0 3
■>

13 14-

The a-d iketoaldehyd e (14) w i l l  consume one mole

o f  period ate  g iv in g  a mole o f  a c e t ic  a c id  as one o f  th e

fragmeii'ts o f  oxidation#  T h is was confLimed in  the fo llo w in g

iray-t Though a -g ly c o ls  rea ct w ith  n eta p er io d a te  very e a s i l y ,
2

a -d ik e to n es  are knovm t o  be s lu g g ish  towards t h i s  reagent 

and much lo n g er  tim e i s  requ ired  for  com pletion  o f  th e  

r e a c t io n .

C onsidering th e  above fa c to r , carvone (15) was 

used by us as a model compound. I t  was ozonized (e x c e s s iv e  

o so n isa tio n  was avoided^) and th e  ozonide decomposed c a r e fu lly  

by h ea tin g  w ith  w ater a t  60° t o  y ie ld  th e  a-d iketoproduct (16) 

a lo n g  w ith  c e r ta in  amount o f  unchanged s ta r t ii ig  m a te r ia l. In 

confLrm ity w ith  i t s  s tr u c tu r e , the compound (16) gave strong  

iodoform  t e s t  and reduced H eh lin g 's  so lu t io n . On treatm ent 

w ith  sodium m etaperiodate s o lu t io n , i t  consumed 0 .43  mole o f  

th e  reagent a f t e r  keeping fo r  th r e e  days at 28°. A fter  

f i f t e e n  days the consumption did not s u b s ta n t ia lly  in crea se  

and was only 0 .4 5  m ole. Under p a r a l le l  co n d itio n s  the  

cx-diketoaldehyde (14) from our hydrocarbon consumed 0 .608  mole
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o f  sodium m etaperiodate. A fter  steam d i s t i l l a t i o n  o f  th e  

r e a c tio n  product and subsequent o p era tio n s, th e  v o la t i l e  

component was id e n t i f ie d  by paper chromatography as a c e t ic
4

a c id , u s in g  th e  procedui^ o f  Kennedy and Barker . These 

r e s u lt s  confirm ed th e  new sesq u iterp en e hydrocarbon as 

rep resen ted  by th e  s tru c tu re  (1 3 ) .

CH3

0 .  ^

1C ^

An attem pt t o  prepare the q u in oxa lin e  d e r iv a t iv e  

from th e  a -d ik e to  ac id  gave only o i ly  p rod u cts. The a -d ik e to  

aldehyde (14) on o x id a tio n  w ith  potassium  permanganate in  

acetone gave an a c id , » presumably (1 7 ) .

The hydrocarbon (B) on red u ction  w ith  sodium and 

e th a n o l gave a product which did not show any u lt r a v io le t  

absorp tion  maximum and i t s  in fr a -r e d  spectrum showed the  

presence o f  both  m ethylen ic and t r is u b s t i t u t e d  double bonds 

which su ggested  th a t  the reduced product may be a m ixture o f  

isom ers (1 8 ) .

18: 19
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The u l t r a v io le t  absorption  maxiraum at 235 mji i s

in  agreement w ith  Woodward's r u le .  The low R va lu e  o f t h i s

c la s s  o f  compounds o f  sem icy c lio  d ien es has been a scr ib ed  by 
1 5Gilara and Savard t o  the presence o f  an unconjugated isoffler. 

We did not observe any form ation o f  acetone during o zo n o ly s is  

o f  th e  hydrocarbon. T his fa ct a ls o  supports s tru ctu re  (13) 

and r u le s  out th e  p o s s i b i l i t y  o f  th e  presence o f  an isom er  

l ik e  (1 9 ) .

10
According to  th e  nom enclature su ggested  by Herout"', th e  new 

hydrocarbon (B) can bo named as ca d in a -7 , 11 (12 or 1 3 )-d ien e , 

As s ta te d  e a r l i e r  th e  in fr a -r e d  sp e c tra  o f  tetra liyd ro-  

d e r iv a t iv e s  o f  (13) and ( 20) are c lo s e ly  s i ia ila r , i t  may be 

q.uite l i k e l y  th a t both th e hydrocarbons are stereo ch em ica lly  

Same as far as r in g  juncture i s  concerned.



EXF^EIMMTAL

The h igh er  b o i l in g  fr a c tio n  B was fi-actionated  in  

a Tower's column w ith  a batch s t r ip  s t i l l  head in  four batches. 

The fr a c t io n a t io n  data o f  one such batch are g iven  in  Table X.
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I s o la t io n  o f  hydrocarbon ( B)

Table -  X  

Wt, o f  Jraction  B -  420 g .

Fra. Bath S t i l l  head Vac. No. o f  ml. r 26 „
No. Temp. Temp. mm. c o lle c te d

1 1 3 3 ° 9 7 - 1 1 5 ° 1 26 1 . 5 1 7 0 + 3 . 2 9

2 145 120 tf It 1 . 5 2 0 0 + 8 . 3 8

3 160 130 It II 1 . 5 2 1 8 + 1 2 .6 1

4 160 135 11 fl 1 .5 2 1 8 + 1 7 . 6 2

5 160 135 ti 30 1 .5 2 1 8 + 1 2 . 5 2

6 160 1 3 5 - 1 3 8 n 11 1 . 5 2 2 3 + 2 0 . 4 6

7 160 138 II 11 1.5226 + 1 9 . 7 2

8 160 138 II I I 1 . 5 2 3 0 + 1 7 . 4 4

9 158 128 -13 2 0 . 7 ft 1 . 5 2 3 8 + 1 8 . 9 7

10 170 1 3 2 - 1 3 8 0 . 7 1 . 5 2 5 0 + 2 3 . 2 6

11 1 7 0 - 1 9 0 138 -150 0 . 9 II 1.5260 + 2 7 . 3 5

12 1 9 6 -  205 1 4 8 - 1 5 4 0 . 9 20 1 . 5 2 8 0 + 4 0 . 6 0

Fractions corresponding t o  1 and 2 from fou r such  

batches were combined (214 g .)  and chromatographed on n eu tra l 

alumina (grade I I I ,  6 .7  Kg.) and th e  column was e lu te d  

s u c c e s s iv e ly  w ith  hexane ( 65- 68° ) ,  benzene : hexane m ixture  

(1 ; 1 ) ,  benzene and fi.n a lly  w ith  e th e r . The r e s u lt s  o f  

chromatography are recorded in  ta b le  I I .
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Table -  I I

Chromatography o f  combined fr a c t io n s  1 and 2 (Table I ,  P. S’!  )

Wt. o f  fr a c tio n  -  214 g.
Wt, o f  Alumina -  6 .7  Kg

Ira c .
No. iilu en t No. o f  ml 

c o lle c te d

1 Hexane 250
2 t l II

3 tf ff•
4 11 «

5 t« n

6
tt ti

7 tf t i

8
W 500

9 tt 11

10 H tt

11 tl 1000
12 I I 2000
15 Hexane; Benzene 1000
14 It 500
15 I! 1000
16 I» fl

17 Benzene 500
18 ri II

19 11 1000
20 11 750
21 i j 2000
22 It 2000
23 (1 2500
24 ft 1000
25 If 2000
26 tf 2000
27 jit her tl

28 11

W t.in g .

5 .689 1.5088
12.074 1.5162
11.606 1.5167

9 .9 4 7 1.5184
9 .579 1.5182

10.065 1.5195
6.966 1.5218
9 .478 1.5208
5 .5 6 7 1.5208
2.968 1.5192
1.943 1.5173
4 .0 0 0 1.5173
5 .669 1.5092
3.275 1.5110
6.136 1.5130
5 .4 7 0 1.5162
4 .6 6 2 1.5190
4 .0 7 7 1.5178
5 .4 0 2 1.5188
3.419 1.5158
6 .376 1.5123
5 .589 1.5110
7 .217 1.5100
2.638 1.5103
7 .413 1.5098
7.119 1.5120

20.239 1.5160
12.329 1.5185



T raction s 1 to  6 (Table I I )  were combined (58 .969) 

and re chromatographed over n eu tra l alumina (grade I I ,  1 ,68 Kg, 

r a t io  1 ; 3 0 ) . The column was e lu ted  ?/ith  hexane and the  

chrom atographic r e s u lt s  are g iven  in  ta b le  I I I .

Table -  I I I
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Fra.
No. iilu en t No. o f  ml. 

c c ^ le c te d W t.in g. a
clean

1 Hexane 150 5.251 + 25.3

2 f t 9 .144 + 22.4

3 « 10.255 + 10.3

4 V f l 11.026 + 9 .8

5 11 1! 8 .694 + 8.8
6 tl 7.737 + 6 .4
r y
t U 300 3.608 -  4 .3

8 It 1000 t r a c e s -

E ractions 3 t o  6 (37.71 g . Table I I I )  were combined 

and chromatographed on n eu tra l alum ina, (grade I ,  1.11 Kg. 

r a t io  1 ; 30) and th e  column was e lu te d  w ith  hexane. The 

r e s u l t s  are recorded in  ta b le  IV.
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Table -  IV

I t .
No. iilu en t No. o f  ml. 

c o lle c te d W t.in g . n 25
D

^230

clean

1 Hexane 50 1.305 1.5025 + 21
2 11 100 7 .323 1.5080 + 26.8
3 tl II 6.765 1.5120 + 31 .8
4 « I I 6 .170 1.5140 + 33.1
5 n « 5 .9 6 8 1.5200 + 10.7
6

I I t l

•
3.916 1,5210 -  9 .7

7 n tt 2.305 1.5 298 -  40 .4
8 n 200 2.195 1.5370 -  4 3 .2
9 It 300 0 .729 1.5402 -

10 Hexane : 
(1 :

Benzene
1)

1000 tr a c e s brown red in colour

P raction s 1 and 2 (T ab les I I I  and Table IV) were 

combined (2 1 .023  g . ) and chromatographed over n eu tra l alitmina 

(grade I ,  1 k g . ,  r a t io  1 : 5 0 ) .  The chromatographic r e s u l t s  

are p resen ted  in  Table V.

Table -  V

Erac.
No.

iSluent No. o f  ml. 
c o l le c t e d W t.in g . a 23 

■D 
clean

1 Hexane 100 7.939 + 24.8
2 . f l w 5.685 + 28.6
3 f l I I 4.050 + 28.0
4 « I t 1.714 + 35.4
5 f l 0.510 -

6 I I 200 0.693 —



fr a c t io n s  1 t o  3 (17 .673  g . f Table V) were chromatographed 

on n eu tra l alumina (grade I ,  1 k g ., r a t io  1 : 5 5 ) . The 

r e s u l t s  o f  chromatography are p resen ted  in  Table VI.

Table -  VI
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23 „23^i t a c .  ailuent No. o f  ml. W t.in g . a
No. c o l le c t e d D “D

clean

1 Hexane -30 0 .4  23 1.4935
2 t| W 1.700 1.5020 + 21.8
3 If ff 1.996 1.5050 + 27.9
4 fl »1 2.151 1.5070 + 25 .2
5 ff rr 1.939 1.5068 -

6 It II 2.050 1.5045 -
7 tT ri 1.620 1.5062 + 27.0
8 II II 1.562 1.5066 -

9 11 60 2.389 1.5030 + 27.4
10 fl tl 1.272 1.5086 + 28 .7
11 fl 100 0.349 1.5140 —

F raction s 2 and 10 (Table VI) were chromatographed sep a ra te ly  

on alumina (grade I ,  30 g .)  and 5 ml. fr a c t io n s  were c o lle c te d ,  

Hydrocarbon with the same r e fr a c t iv e  in d ex  (1 .5048 ) was added 

to  th e  main fr a c tio n  (N os. 3 t o  9 , Table VI) and th e  combined 

fr a c tio n  was d i s t i l l e d  under reduced p ressu re  ;

b .p . 7 2 ° /0 .3 5  mm; + 31*^47 (c le a n );  1 .5090;

0 .9 2 4 8 , [Ri,]j3 6 5 .8 3 : req u ires  66.1



U l-tra -v io le t spQctrum ; 235 mp. ( (- 7 , 676) ;HI a  A
I .R .sp ec tru n  bands at ; 1706, 1628, 1604, 1461, 1446, 1374, 

1200, 1160, 109 7 , 1065 , 888 , 879 , 815 cm "\

In view  o f  th e  presence o f ca rb o n y lic  im purity as 

revea led  from m icro a n a ly sis  and in fra red  spectrum a sm all 

p ortion  o f  th e  hydrocarbon was fuirther p u r if ie d  by treatm ent 

w ith  G irard’ s rea g en t. Hydrocarbon (1 .7 6 3  g . )  d is so lv e d  in  

eth an o l (10  m l.)  and G irard’s reagent (0 .1945  g . d is so lv e d  in  

eth an ol co n ta in in g  10^ a c e t ic  ac id ) were re flu x ed  on a water

bath fcr one hour. C ontents a f t e r  c o o lin g  were d ilu te d  and

taken up in  e th e r . The aqueous la y e r  was r e je c te d  and the 

organic la y e r  was washed free  o f  a c id , d r ied  over anhydrous 

sodium sulphate and e th er  evaporated . The resid u e (1 .2 8 8  g .)  

was d i s t i l l e d  under reduced p ressure and physicochem ical 

co n sta n ts  o f  Hydrocarbon (B) y/ere determ ined. 

b .p .l4 5 -1 5 5 ° (b a th ) /4 .2 5  nmij [a]^^+36°.9  ( c le a n ) ;  n ^  1 .5078; 

d̂ '̂  0 .9199 ; [Rj^Id 6 5 .9 9 9 , req u ires  66 . 1 .

A nalysis ; Found \ C, 8 7 .8  ; H, 11.23;

^15^24 8 8 .1 6 ; H, 11.84?S.

U ltr a v io le t  spectrum ; A 235 mvi ( ^ , 8 , 904);

In frared  spectrum i s  reproduced, in  l i g .  3.
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A n a ly sis  : Found ; C, 8 6 .3  ; H, 10 .9  ;

C15H24 r eq u ires  ; C, 8 8 .1 6 ; H, 11.84^ .



Hydrocarbon (1 .0 3 8 9 ) in  g la c ia l  a c e t ic  a c id  (20 m l.) 

was s t ir r e d  w ith  platinum oxide c a ta ly s t  (50 mg.) in  hydrogen 

atmosphere at room tem perature and atm ospheric p ressu re . The 

uptake o f hydrogen (286 ml. in  5 hrs) corresponds to  2.11 m oles. 

C ata lyst was th en  f i l t e r e d  o f f  and th e  f i l t r a t e  d ilu te d  w ith  

w ater and e x tr a c te d  w ith  hexane ( t h r ic e ) .  Hexane so lu t io n  

was washed free  o f  acid^  d ried  over anhydrous sodium sulphate, 

and so lv en t evaporated  to  g iv e  th e  tetra liyd ro  product which 

was chromatographed over alum ina (grade I ,  25 g . ) .  The 

petroleum  e th e r  e lu a te  (50 m l.) a f t e r  evaporating  the so lv en t  

was d i s t i l l e d  over sodium under reduced p ressu re ,

b .p . 150° (b a th ) /7 .2  mm; + 2.15 (C, 8 . 8 );

n^^*^ 1 .4820; d|^ 0 .8888; 6 6 .6 5 ,

req u ire s  ; 6 7 .0 6 .

A n alysis ; Found ; 0 , 8 6 .7 8 ; H, 13.20;

^15^28 8 6 .4 6 ; H, 13.5VA.

Dehydro/^cenation o f  Hydrocarbon (B)

On th e  b a s is  o f  la rg e  number o f  experim ents using  

both  selen ium  and su lp h u r, i t  was found th a t h ea tin g  for a 

lo n g  p eriod  was harmful and gave r i s e  to  b ye-p rod u cts. Best 

r e s u l t s  were obtained  u sin g  short p er io d  o f h ea tin g . Two 

t y p ic a l  experim ents are d escrib ed .

(a) V/ith Selenium : Hydrocarbon (0 .9 4 7  g .)  was 

h eated  w ith  selenium  powder (0.945  g . )  at 280- 290° fo r  4^ h rs .
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Hydrate nation  o f  Hydrocarbon ( B)



in  n itrogen  atmosphere. The dehydrogenated product was 

taken up in  dry e th er  and shaken w ith  85% phosphoric a c id . 

A zulenes were regenerated  by decomposing th e  complex with  

co ld  water and e x tr a c t in g  w ith  e th e r . The e th er  e x tr a c t  

was washed free o f  a c id , dried  and e th er  evaporated  t o  g iv e  

0 .048  g . azu len e . The e th e r  la y e r  co n ta in in g  nonazulenes 

was washed free  o f  a c id , d r ied  and so lv en t evaporated t o  

g ive  0 .64  g . crude nonazulene, which was chromatographed over  

alumina (grade I ,  25g) when 0 .625g  c o lo u r le s s  nonazulene was 

obtained . U.V. spectrum ; 228 raji ( (- 1 9 ,4 2 0 ), 285 m^ .iU&JC

I t  gave p ic r a te  m.p, 115° and mixed m eltin g  p o in t w ith  an

a u th en tic  sample o f  cadalene p ic r a te  was undepressed. The

v io l e t  coloured  azulene obtained  above gave p ic r a te  123°

(brought t o  a constant m e ltin g  poin t by c r y s t a l l i s a t io n s ) .

Azulene (0 .0 0 3  g .)  was regenerated  frcm i t s  p ic r a te  and i t s

v i s i b l e  spectrum determ ined in  hexane { 7̂  „ ^ 555, 650, 350 mjinid,x

(b) With Suli3hur ; Hydrocarbon (0 .474  g) vvas heated  

w ith  sulphur (0 .2 4 7  g) at 185-190° for 3 h rs . in  n itro g en  

atm osphere. No a zu len es were formed. The dehydrogenated  

product was chromatographed over alum ina (grade I ,  50g) and 

th e  petroleum  eth er  e lu a te  a f t e r  evap oration  o f  so lv e n t gave 

th e dehydrogenated product (0 .2 2 3 g , n^^ 1 .5 4 2 6 ). I t  r e a d ily  

fu rn ish ed  cadalene p ic r a te  m.p. 115° and mixed m eltin g  poin t 

w ith  an au th en tic  sample o f  cadalene p ic r a te  was undepressed.

O zon olysis ;

Hydrocarbon B (2 .0 4 3  g) in  pure e th y l a c e ta te  (20 ml.
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was ozon ized  at 0 -5 °  during 5 h r s . The -brap-water c o lle c te d  

during o zo n o ly a is  gave cop ious amount o f  formaldehyde ( id e n 

t i f i e d  through dimedone d e r iv a t iv e  m.p. and mixed m eltin g  

p o in t 189*̂ ) and no acetone was d e tec ted  (n eg a tiv e  iodoform  

t e s t ) .  A fter  removing th e  so lv en t at 40° under su c t io n ,  

th e  ozonide was decomposed in  th e  usual way by h ea tin g  w ith  

water (15 ml) on a w ater b ath . C ontents were then taken  

up in  e th e r  and e th er  e x tr a c t  d r ied . On evap oration  o f  

so lv e n t o s o n o ly s is  product (2 ,0 9 g ) was ob ta in ed . I t  gave 

fo llo w in g  q .u a lita tiv e  t e s t s  :

( 1) stron g  iodoform  t e a t  in  dioxane;

(2) reduced F e l l in g 's  so lu tio n  and ammonical s i lv e r  n it r a te  

so lu tio n ;

( 3) n eg a tiv e  co lou r  r e a c tio n  w ith  n eu tra l a lc o h o lic  fe r r ic  

ch lo r id e  s o lu t io n .

Q u a n tita tiv e  r e a c tio n  w ith  scyilmimietaperiodate

(A) tt-d iketo  product obtained by o zo n o ly s is  o f  

carvone (0 .0 9 4  g) was d is so lv e d  in  eth an o l (15 ml) and sodium- 

m etaperiodate so lu t io n  (100  m l, 0.2804^) and 2N su lphuric

a c id  (10 ml) were added and th e  con ten ts were kept in  a stoppered  

c o n ic a l fLask for  3 days at room tem perature.

(B) A blank experim ent was s im ila r ly  ca rr ied  out.

The contents of fLasks A and B were t i t r a t e d  against standard 

sodium thioDUlphate so lu tio n .

iSxperiments were repeated  w ith  a-d iketoproduct
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obtained from caxvone and sesq u iterp en e hydrocarbon by 

keeping th e  o x id a tio n  m ixture for  a lon ger  tim e.

(C) a -d ik e to  product from carvone (0 .1 9 9  g) 

d is s o lv e d  in  eth an ol (50 ml) was tr e a te d  w ith  100 m l.. .N /1 0  
sodium m etaperiodate s o lu t io n  and 10 ml 2M su lp h u ric  a c id  in  

a stoppered c o n ica l f la s k  and allow ed t o  react at room 

tem perature for 15 days.

(D) A blank experim ent was s im ila r ly  ca rr ied  out.

(E) a -d ik e to  product from  sesq .u iterpene hydro

carbon B (0 ,1 7 8  g) d is so lv ed  in  eth an o l (50 ml) was tr e a te d  

w ith  100 ml N/10 s o lu t io n  o f  sodium m etaperiodate and 10 ml 

o f  2N su lp h u ric  a c id  in  a stoppered  c o n ic a l f la s k  and were 

allow ed  t o  react a t room tem perature for 12 days.

(r ) A blank as in  D for 12 days.

Contents o f  a l l  th e  f la s k s  were t i t r a t e d  aga in st  

W/1 0  standard sodium thiosu lphate s o lu t io n  u sin g  starch  

in d ic a to r  at the end. The r e s u l t s  are ta b u la ted  in  Table VII

Table -  m .
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No. Name o f  
compound

Wt. in  
S-

Ko.
o f

days

m l.o f  K/1 0
^̂ 2̂  ̂2^3 
s o lu t io n

m l.o f  V 10

so ln .req d .
t h e o r e t ic a l ly

%

1 . a -d ik e to  
product o f  
carvone

0 .094 3 4 .4 4 10.22 43.49

2 . II 0.199 15 9 .6 0 21.14 45.41
3 . a -d ik e t o 

product o f  
hydrocarbon

0.173

B

12 9 .15 15.04 60.84



O xidation w ith  sodium m etaperiodate and iso la -t io n  o f  

a c e t ic  a c id

a-d iketoaldehyd e (1 4 ) , C1*887 g) d is so lv e d  in  

ethanol (25 m l.) was tr e a te d  w ith  sodium m etaperiodate s o lu t io n  

(160 m l. o f  N/10 so lu t io n )  in  a stoppered  co n ic a l fLask and 

th e  r e a c ta n ts  were allow ed t o  stand a t room tem perature fo r  

20 days. Contents o f  the fLask were steam d i s t i l l e d  and 

the steam d i s t i l l a t e  ( ^ 0  ml) con ta in in g  e th an o l was c o l le c t e d .  

The steam d i s t i l l a t e  was made a lk a lin e  t o  pH 8 by th e  a d d itio n  

o f  sodiumhy dr oxide s o lu t io n  and con cen trated  t o  a sm all bulk  

(25 m l). Prelim inary experim ents for id e n t i f i c a t io n  o f  

a c e t ic  a c id  ( in  a standard so lu tio n  o f  a c e t ic  a c id  made 

a lk a lin e  by sodium hydroxide t o  pH 8 ) by descending paper 

chromatography u sin g  butanol -  1W ammonium hydroxide did not 

succeed  and no movement o f  the spot was observed. Subsequently,
4

fo llo w in g  th e  procedure o f  Kennedy and Barker the s o lu t io n s  

co n ta in in g  sodium s a l t  o f  the a c id , in  both known and unknown 

were t r e a te d  with equim olar amounts o f  ammoniumsulphate and 

were converted  in to  the ammonium s a l t s  and the pH was ad ju sted  

t o  7.1 by th e  a d d itio n  o f  d i lu te  ammonia so lu t io n . These 

s o lu t io n s  were sp o tted  on a paper p r e -tr e a te d  w ith  o x a lic  acid  

and the chromatogram developed with 95?̂ e th an o l and ammonia 

(1 m l.) by ascending paper chromatography. The paper was 

dried  in  an oven a t 100° for  5 m inutes and was then  sprayed  

w ith  bromophenol b lu e in d ic a to r ,  when b lu e sp o ts  were v i s ib l e  

on a y e llo w  background, both w ith  known and unknown so lu t io n s  

at th e  same d ista n ce  (R^ 0 .3 5 ) .
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Potassiumperman^qanate ox id ation  o f  a~diketoaldehyde (14)

a-d ik etoa ld eh yd e (1 4 ) , (0 .8 4 5  g) in  acetone (10 m l.)  

was o x id ised  w ith  sa tu ra ted  s o lu t io n  o f  potassiumpermanganate 

(10 m l.) and th e  con ten ts were s t ir r e d  for  3 h rs . The sludge  

o f  m anganesedioxide formed was removed by p a ss in g  su lp h u rd i-  

o x id e . The conten ts were taken  up in  e th e r , washed w ith  

w ater (tw ice ) and was shaken w ith  sa tu ra ted  sodiumbi carbon ate  

s o lu t io n . The b icarbonate e x tr a c t  a f t e r  acidi:Q ring and 

e x tr a c t in g  w ith  e th er  gave th e  a c id  (0 .2 5  g .)  h .p . 210*̂ ( b a t h ) /

0 .8  mm.

A nalysis ; round : C, 6 5 .0 9 ; H, 8 .7 7 ;

^14^22^4 : G, 6 6 .1 1 ; H,

Heduction o f  hydrocarbon (15) w ith sodium and a lcoh o l

Ereshly cut p ie c e s  o f  sodium (14 g . )  were c a r e fu lly

added to  th e  s o lu t io n  o f  hydrocarbon (0 .8 3 8 7  g . )  in  ab so lu te  

e th y l a lco h o l (75 m l .) .  Another 50 m l. o f  a b so lu te  e th y l  

a lc o h o l were added at an in term ed ia te  s ta g e . The con ten ts  

were d ilu te d  w ith w ater (20 tim es) and taken up in  e th er .

Ether e x tr a c t was washed free o f  a lk a l i ,  dried  and e th er

evaporated  to  g iv e  th e  crude reduced product (0 .5 1 9  g . ) .  I t
26was d i s t i l l e d  over sodium; b .p . 1 5 0 -1 5 2 °(b a th )/7  mm; n^ 1.5020. 

U.V.Spectrum t I t  d id  not show any absorption  maximum at 235 m̂ i . 

In frared  spectrum shov/ed presence o f  bands at 1633, 889 and 

815 cm"”* and absence a f  band at 1604 cm"'^
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Presence o f  atiriene :

E xten sive  chrcxnatography o f  fr a c tio n s  7 t o  10 
(T able I I ,  P. 52.) revea led  thai: i t  v?as a m ixture o f  a conju

gated  d iene and t r ie n e  w ith  a high r e fr a c ’t iv e  in d ex , and 

no homogeneous fr a c tio n  could be i s o la t e d  from th e  same.
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CHAPTER I I I

SUMMARY

I s o la t io n  and p a r t ia l  c h a r a c te r isa t io n  o f  two 

new hydrocarbons (C & D) and an a lco h o l (£1) is o la t e d  dErom 

South In d ian  v e t iv e r  o i l  are described  in  t h i s  chapter.

Hydrocarbon (C ), co n ta in in g  one double

bond, appears to  be a new t r i c y c l i c  hydrocarbon p o sse ss in g  

guaiane type o f  carbon sk e le to n .

Hydrocarbon (D ), ^‘15^22* ^ sesq u iterp en e

hydrocarbon w ith an eu d a len ic  carbon sk e le to n  con ta in in g  

th ree  double bonds, two o f  which are in  con ju gation .

A lcohol (iS), i s  a new t r i c y c l i c  secondary

sesq u iterp en e  a lc o h o l, co n ta in in g  one double bond. The 

presence o f  a carbon sk e le to n  co n ta in in g  fused  f iv e  and s ix  

membered r in g  i s  p o s tu la te d .



I s o la t io n  and P a r t ia l  C h a ra cter isa tio n  o f  Two Mew 

S esq u iterp en ic  Hydrocarbons and an A lcohol ;

In  t h i s  part we present our r e s u l t s  o f  in v e s t ig a t io n  

o f  th r e e  o th er c o n s t itu e n ts  obtained from South Indian V etiv er

O il, two o f  th e s e  are hydrocarbons (r e fe r r e d  t o  as C and D) 

and th e  o th er  one i s  an a lc o h o l (jS). Our r e s u lt s  on th e s e  

c o n s t itu e n ts  are in c o n c lu s iv e  and we are not in  a p o s it io n  

to  a sc r ib e  d e f in it e  stjructures t o  th e s e . However s u f f ic i e n t  

amount o f  va lu a b le  data have been c o l le c te d  which would throw  

l ig h t  on t h e i r  s tr u c tu r a l fe a tu re s .

I s o la t io n  o f  a new A%ulenic T r ic y c l ic  Hydrocarbon (C)

The combined la ev o ro ta to ry  low er b o il in g  fr a c t io n  

( p .3 3 ) »  obtained during fr a c t io n a t io n  o f  A, a f t e r  ex ten s iv e  

chromatography on n eu tr a l alumina gave a homogeneous la ev o 

ro ta to r y  hydrocarbon (C ). I t  was d i s t i l l e d  over sodium and
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was found t o  p o sse ss  th e  fo llo w in g  physicochem ical co n sta n ts  :

).p,
.50

b .p .1 1 2 -1 1 3 ° /6 .5  mm- -19^.46 ( c le a n ) ;  n |^  1.5000;

0 .9 2 5 8 ; ( i )  64 .46 ; ( i i )  64 .45 ;

^15^24  ̂ r e q u ire s  6 4 .4 .

A n a lysis  : Found ; C, 8 7 .3  ; H, 11 .6  ;

^15^24 8 8 .1 6 ; H, 11 .84^ .

S tru c tu ra l ^features :

In fr a -r e d  spectrum o f t h i s  hydrocarbon (C) e x h ib ite d  

bands at 890 and 1656 ( I i g . 6 ) ch a ra cr ter istic  o f  a



m eth ylen ic  double band. I t  d id  not show any ab sorp tion  

in  th e  u lt r a v io le t  reg io n .

I t s  m olecu lar r e f r a c t iv i t y  ag rees w e ll w ith  th a t  

o f  a t r L c y c lic  m onoethylenic sesq u iterp en e hydrocarbon. 

Presence o f  a cyclopropane r in g  was not in d ic a te d  as bands 

in  th e  reg ion  1005-1020 and 3040 cra’’  ̂ were a b sen t. This 

was a ls o  supported by th e  absence o f  any m olecu lar  e x a lt a t io n .  

Compounds co n ta in in g  cyclopropane r in g  are known to  show

e x a lte d  m olecu lar r e f r a c t iv i t y  as in  the ca se s  o f  aromaden-
1 2 3drene , a-gurjunene and copaene e t c .

.M

The m onoethylenic nature o f  th e  hydrocarbon was 

confirm ed by hydrogenation . The hydrocarbon (G) on hydro

g en ation  in  g la c ia l  a c e t ic  a c id  w ith  Adams c a ta ly s t  absorbed  

only one mole o f  hydrogen and fu rn ish ed  a dihydro d e r iv a t iv e .  

The dihydro d e r iv a t iv e  d id  not g iv e  any co lo u ra tio n  w ith  

tetran itrom eth an e and d id  not consume perb en zo ic  a c id . On 

dehydrogenation w ith  selenium  at 280°, th e  hydrocarbon

afford ed  azu len es in  a y ie ld  o f  3^ when h eated  for 48 hours
*1

and in  a y ie ld  o f  10% when heated fo r  4-̂  hours. The non- 

a zu len ic  p o rtio n  did not show any a b so rp tio n  in  th e  u lt r a 

v io l e t  reg io n . The dehydrogenated product was a m ixture  

o f  a zu len es which was separated  by chromatography and 

fr a c t io n a l c r y s t a l l i s a t io n s  o f  th e  1 ,3 ,5 -T .H .B . adducts.

One o f  them was id e n t i f i e d  as gua iazu len e (T.l'J.B., m .p. 147°); 

th e  o th er  one (T .N .B ., m .p. 131°) could not be ch a r a c te r ise d . 

I t s  v i s i b l e  and u l t r a v io le t  spectrum e x h ib ite d  maxima .at 733,
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ctH

H g , 6 -  In fra -red  spectrum ( l iq u id  film ) o f
a z u len ic  'Hydrocarbon G*.-

l i g .  7 -  In fra -red  spectrum ( l iq u id  film ) o f
eu d a len ic  conjugated  ’Hydrocarbon D'



710, 699, 661, 607 ( p r in c ip a l) ,  586, 565, 572, 553 m]i .

The form ation o f  azu len es c le a r ly  in d ic a te d  th e  presence  

o f  fused fLve and seven  membered ring system  in  the m olecule  

and a guaiane ( 21) typ e o f  carbon s k e le to n .
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21
The hydrocarbon on o z o n o ly s is  gave formaldehyde 

as th e  only v o la t i l e  fragment id e n t i f i e d  through i t s  dimedone 

d e r iv a t iv e  (m .p. 189°) j no acetone was d e te c te d . The non

v o la t i l e  product o f  o zo n o ly s is  was separated  in to  a c id ic  and 

n eu tra l p a r ts . The n eu tra l part a f t e r  chromatography gave 

a ketone in  an y ie ld  o f  2, 5^ which gave sem icarbazone m .p .208°, 

R egeneration o f  th e  ketone through sem icarbazone and exami

n a tion  o f  i t s  in fr a r e d  spectrum was not p o s s ib le ,  as the  

amount o f  sem icarbazone was very l i t t l e .  The a c id ic  product 

was m ethylated w ith  diazomethane and th e  e s t e r i f i e d  product 

d i s t i l l e d .  iilem enta l a n a ly s is  in d ic a te d  th a t i t  co n ta in s  

more than two oxygen atoms and th e  r e s u lt s  are in c o n c lu s iv e .

I s o la t io n  o f  jgudalenic Triene ( H ydrocaiton S)

The la ev o ro ta to ry  fr a c t io n s  obtained  duidng 

fr a c t io n a tio n  o f  low er b o i l in g  hydrocarbon 'F raction  A'

(n o s . 17 t o  22, Table I ,  p .3 5  ) on e x te n s iv e  column chromato-



graphi*- over n eu tra l alumina gave a hydrocarbon (D ), w ith a 

high r e fr a c t iv e  index and was some what u n sta b le .

b .p . 94- 96V 0 .7  inin; [a]^^-49?15 (C, 5 .5 4 ) ;  n^  ̂ 1 .5335.

A n alysis  : Found : C, 8 9 .0  ; H, 10.63;

^15^22 8 9 .0 4 ; H, 10.96^.

In fra red  spectruni o f  t h i s  hydrocarbon (D) ( l i g .  7) 

e x h ib ited  bands at 177<, 1641, 1604, 884, 821 cin"̂  ch aracte

r i s t i c  o f  an e x o c y c lic  m eth y len ic  double bond in  conjugation  

w ith  a t r i s u b s t i t u t e d  double bond. Bands in  th e  region  

960-970 and 700-725 cm”  ̂ c h a r a c te r is t ic  o f  a tr a n s  or c is  

d is u b s t itu te d  double bond were ab sen t. U ltr a v io le t  spectrum  

o f  th e  hydrocarbon, 227.5 ( lo g  ^ 4 . 2 4 ) ,  235 (4 .1 6 ) ,niSJv

267 ( 3 .4 2 ) ,  in d ica ted  th a t i t  i s  a heteroannular diene"^. 

iilam ental a n a ly s is  su ggested  th e m olecular formula 

th e  hydrocarbon. On hydrogenation w ith  Adams c a ta ly s t  in  

g la c ia l  a c e t ic  acid  i t  absorbed th ree  m oles o f  hydrogen.

The hydrocarbon on o z o n o ly s is , gave copious amount o f  

formaldehyde as the v o la t i l e  fragment and no acetone was 

d e te c te d . On dehydrogenation w ith selenium  i t  afforded  

eudalene (c h a r a c te r ise d  through th e  T.H.B, adduct m.p. 110°) 

in  an approximate y ie ld  o f
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In vie?/ o f  a l l  th e  experim ental fa c ts  t e n t a t iv e  

stru c tu re  (22) has been a ss ig n ed  t o  i t .  An a lte r n a t iv e  

stru c tu re  (23) i s  a ls o  eq u a lly  te n a b le  as bands due to  

t r i s u b s t i t u t e d  double bond were in te n s e .
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11 23
Oxygenated const j-tuQnta o f  V etiv er  o i l

The t a i l  f r ic t io n s  (Kos. 11 and 12, Table I ,  p .51 ) 

obta ined  during fr a c t io n a tio n  o f  h igh er  b o il in g  fr a c tio n  B, 

were ccrabined and chromatographed over n eu tra l d ea c tiv a te d  

alum ina.

Chroraatographic fr a c t io n  1 (Table V II, p. 87) e lu ted  

w ith  petroleum  e th e r  was a minor fr a c t io n  (9 g . )  and i t s  

in fr a r e d  spectrum and co lou r  in d ic a te d  th a t i t  was a m ixture 

o f  conjugated hydrocarbons and a zu len es . C onsidering the  

amount and com plexity  o f  t h i s  f r a c t io n , i t s  exam ination was 

reserved  fo r  a fu ture occasion .

Chromatographic fr a c tio n  2 (Table V II, p . 87) w ith  

benzene was r ic h  in  conjugated k eto n ic  c o n s t itu e n ts  ( in te n se

I .R . bands at 1675 and 1616 cm'"', 7̂  233 ( lo g  ^ , 4 .1 5 2 ) ,

299 ) w ith  tr a c e s  o f  a lc o h o ls . iixam ination o f  t h i s  

fra c tio n  a ls o  was kept a sid e  for  th e  tim e b e in g .

Chromatographic fr a c t io n s  3 and 4 (Table V II, p .8 7  ) 

e lu te d  w ith  benzene and e th er  m ainly c o n s is te d  o f  a lc o h o l ic  

c o n s t itu e n t s .  Both the fr a c tio n s  were chromatographed



se p a r a te ly  and th e  re le v a n t fr a c t io n s  were converted in to  

a c e ta te s .  A ceta tes o f  v ar iou s fr a c t io n s  were chromatographed 

and sep arated  in to  a c e ta te s  and n o n -rea c tiv e  a lc o h o ls . The 

a lco h o l e lu te d  e a r l ie r  from tn e  column  ̂fr a c t io n s  2 t o  7 ,

Table V III) gave a c e ta te , which a f t e r  chromatography was 

found to  g iv e  sevei*al a c e ta te  fr a c t io n s  which p o ssessed  

d if fe r e n t  p h ysicoch em ical c o n sta n ts . The a lco h o l e lu te d  

slow ly  fl'om th e  ooluian^vith bengene ( f r a c t io n s  8 t o  12 ,

Table V III) gave a c e ta te , which a f t e r  chramatOijraphy gave 

se v e r a l a c e ta te  fr a c t io n s  id e n t ic a l  in  I'espect o f  s p e c i f ic  

r o ta t io n s , r e fr a c t iv e  in d ic e s  and in fra red  sp e c tra . A ll 

such a c e ta te  fr a c t io n s  were combined and th e  a lc o h o l (Ji) 

regenerated  by s a p o n if ic a t io n .

In frared  spectrum ( l i g .  8 ) o f  t h i s  sesq u iterp en e  

a lco h o l (B ), , e x h ib ite d  bands at 3248, 1031, 1087

(hydroxy group); 1780, 1642, 885 ( e x o c y c l ic  m eth ylen ic  double 

bond) and 1583, 1366 and 1167 (probably iso p r o p y l group) cm“ ^. 

The a ce ta te  on hydrogenation w ith  Adams c a ta ly s t  in  g la c ia l  

a c e t ic  a c id  absorbed one mole o f  hydrogen, which in d ic a te d  

th a t th e  parent compound i s  a t r i c y c l i c  sesq u iterp en e a lc o h o l.  

When the d ih yd roa lcoh o l, I'egenerated from d ih y d ro a ceta te , was 

chromatographed, a sample o f  d ih yd roa lcoh ol ( I ) ,  

along w ith  a sa tu rated  hydrocarbon ( I I ) ,  p o s s ib ly  formed by 

h y d ro g en o ly s is  o f  an a l l y l i c  a lco h o l p resen t as an im purity  

were sep a ra ted . D ihydroalcohol (I )  on o x id a tio n  w ith  

chrom ium trioxide-pyrid ine complex gave a l iq u id  sa tu rated  

ketone ( I I I ) ,  In frared  spectrum o f  th e  ketone ( l i g . 9)
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indicated that it is a five membered 

1733 cm- 1) and the band at 1404 cm- 1 

ring ketone (band at 

also indicated that 

t he kat 0 group is fl anke d on either or both si de s by a 

methylene group . It readily forme d a 2,4 D. N. P. derivat ive 
o m. p . 1 33 ( et han 01) • 

The parent alcohol (E) on treatment with p-toluene 

sulphonyl chloride in pyridine solution, gave the tosylate 

in a quantitat i ve yie l . The product on reduction with 

lithiumaluminiumhydride afforded a hydrocarbon (IV), C15H24 • 

Infrared spectrum (F.i.g. 10) of this hydrocarbon (IV) exhibited 

d -1 ban s at 1788, 1633, 891 em characteristic of an exocyclic-

methylenic double band. The hydrocarbon (IV) on ozonolysis 

gave formaldehyde and a ketone (V), wherein intense I.R.band 

-1 (Fig . 11) at 1706 cm ,suggested a six or a seven membered 

ring ketone; doublet at 1364-1380 cm -1 and a band at 1154 cm- 1 

indicative probabl y of an isopropyl group and absence of band 

in the vicinity of 1420 cm- 1 suggested that both the carbon 

atoms ad jacent to the carbonyl are substituted. The ketone 

(V) did not give iodoform test, suggesting thereby that it 

was not a methyl ketone . The methylenic double bond in the 

hydrocarbon (IV), there fore, is not present in the isopropenyl 

side chain but more probably is exocyclic to a six or a seven 

membered ring. 

The alcohol (E) on dehydrogenation with selenium 

at 280_290 0 gave a product, which showed ultraviolet absorption 

maxima at 227.5 and 267 mJI, but it waS not a fUlly aranatised 



r i g .  10 -  In fra -red  spectrum ( l iq u id  cell o I mm)
o f  Hydrocarbon (IV) ob ta ined  by red u ction  
o f  t o i ^ la t e .

I ig .1 1  -  In fra -red  spectrum ( l iq u id  film ) o f  Ketone (V)
from Hydrocarbon IV by o z o n o ly s is .



product o f  n ap th a len ic  typ e as i t  did not form any c r y s ta 

l l i n e  adduct w ith 1 ,5 ,5  T .N.B. or p ic r ic  a c id . i\lo azu len es  

were formed during dehydrogenation , The hydrocarbon (IV ),

obtained  from th e  t o s y la t e  by red u ctio n , on dehydrogenation  

w ith  selenium  at 285- 295° , a ls o  did not g ive  any fU lly  

aroraatised product which could  be ch a ra c ter ised  through a 

c r y s t a l l in e  d e r iv a t iv e . However, i t s  in fr a -r e d  spectrum  

showed weak benzenoid absorption  bands (1595, 1495, 828 cm” )̂ 

in d ic a t in g  the presence o f  a sm all amount o f  p a r t ia l ly  

arom atised  product. The presence o f  a f iv e  and a s i x  or 

seven membered r in g  in  the m olecule was evidenced  frcHn 

e a r l i e r  ex p e ilm en ts . 1 -Isop rop yl indane and 1 -iso p ro p y l 

hydrindane are known t o  undergo dehydroge nation  w ith  selenium  

only at 580° and above t o  y ie ld  th e  expanded product

2 , 2-d im eth y l tetralin ''^ .

The hydrocarbon (IV) on hydrogenation absorbed one 

mole o f  hydrogen. The in fr a r e d  spectrum ( i l g .  12) o f  the  

sa tu ra ted  hydrocarbon (VI) d id  not agree w ith  any o f  the  

sa tu ra ted  t r i c y c l i c  hydrocarbons known so fe r . The in fr a -r e d  

spectrum and s p e c i f i c  r o ta tio n  o f  t h i s  hydrocarbon (VI) and 

th a t  o f  I I  ( I ig .1 5 )  obtained by h yd rogen o lysis were however 

d if f e r e n t .  The a lco h o l i s o la te d  by u s, th e r e fo r e , appears 

t o  be a m ixture o f  two t r i c y c l i c  sesq u iterp en e a lc o h o ls ,  one 

o f  which i s  a l l y l i c  and i s  r e sp o n s ib le  for the form ation o f  

a hydrocarbon through h yd rogen o lysis  and th a t th e  n o n a lly l ic  

a lco h o l foiTOS th e  major c o n s t itu e n t .
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n g ,  12 -  Inflra^red spectrum ( l iq u id  c e l l ,  0 .05  mm.) o f  
sa tu ra ted  Hydrocarbon VI £rom hydrocarbon IV.

I ig .1 3  -  In fra -red  spectrum ( l iq u id  c e l l ,  0 .1  mm.) o f
sa tu ra ted  Ifydrocarbon I I  obtained by h y d ro g en o ly sis .



Chromic acid  o x id a tio n  o f  the a lc o h o l (*) a ls o  

gave products which showed in te n se  bands due to  a £Lve 

membered r in g  ketone (1729 , 1408 cm” ^) atid a s i x  membered 

a-p -u n satu rated  ketone (bands at 1672 and 1644 o f  le s s e r  

in t e n s ity )  a r is in g  frcsn an a l l y l i c  secondary a lc o h o l. The 

m ixture o f  th e se  two ketones was d i f f i c u l t  t o  separate by 

chromatography. I t ,  however, gave a 2 ,4  D.K.P. d e r iv a t iv e  

m.p. 163° (brought t o  a constant m.p, by c r y s t a l l i s a t i o n s ) .  

Probably th e  f iv e  membered r in g  k eton e, which i s  th e  major 

c o n stitu e n t w ith  a m ethylene group adjacent t o  th e  carbonyl 

fu n ction  furn ished  th e  d e r iv a t iv e  w ith  e a se . The y ie ld s  

o f  chromium tr io x id e -p y i ld in e  o x id a tion  products weix3 low 

and v/hen chromium tr io x id e  in  a c e t ic  a c id  was used a c e ta te s  

were a ls o  formed in  s u b s ta n t ia l q u a n t it ie s .th e  former reagent 

was th e 3?efore p r e fe r2:«d.

The above experim ental fa c ts  in d ica ted  th a t  th e  

sesq u iterp en e  a lco h o l examined by us appears to  be a mixtujie 

o f  two t r i c y c l i c  sesq u iterp en e  a lc o h o ls ,  th e  major c o n stitu e n t  

o f  which i s  n o n a l ly l ic  where th e  secondaiy  hydroxy group i s  

s itu a te d  in  a f iv e  membered r in g  and th e  m eth ylen ic  double 

bond most probably in  a s i x  membered r in g  as rep resen ted  by 

th e  p a r t ia l  stru ctu re  (2 4 ) .
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I-fc w i l l  be premature at t h i s  s ta g e  t o  make fu rth er  

s tr u c tu r a l su g g e s tio n s .
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EXP.bKIMj:.Ml̂ AL 

I s o la t io n  o f  the t r i c y c l i c  hydrocaxbon (C)

The low er b o i l in g  la ev o ro ta to ry  hydrocarbon 

fr a c t io n  (29 g . , p. 3 3 )  was chromatographed on n eu tra l 

alumina (grade I ,  1 .5 k g .,  r a t io ,  1:50) and th e  hydrocarbon 

e lu te d  v\fith petroleum  e th e r . The r e s u l t s  are ta b u la ted

in  Table I .  ,

Table -  I
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Frac
Ko.

iiluent Uo. o f  ml. 
c o lle c te d

W t.in g . n25

(c lea n )

1 Petroleum  e th e r 50 3.006 1.4970 -  16.4
2 tl If 4 .386 1.5000 -  19.6
3 tl M 4 .1 2 6 1.5010 -  18.0
4 ft « 3.651 1.5020 -  16.8
5 fl It 3 .013 1.5040 -  14.6
6 11 n 2.417 - -  12.6
7 n If 3 .115 - -  9 .0
8 tl It 1.961 1.5100 + 3 .0
9 n It 0 .700 1.5110 —

Chromatographic fr a c tio n s  6 and 7 (5 .5 5 2  g . Table I) were 

combined and chromatographed on n eu tra l alum ina (grade I ,  

250 g .)  and th e  column e lu te d  w ith  petroleiim  e th e r . The 

r e s u lt s  are ta b u la ted  in  Table I I .



Tablo ~ I I
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Trac. iiluent 
No,

Ko. o f  ml. 
c o lle c te d

W t.in g . n^^
(c lean )

10 Petroleum e th e r 50 2.385 1.5020 -  16.5
11 ” 1! 1,226 1 .5062  -  10.5
12 « 1.022  1.5100 -  0.5

•

Chromatographic fr a c t io n s  1 t o  5 and 10 were combined

(2 1 .0 6 8  g .)  and re chromatographed on n eu tra l alum ina (grade I ,

1,04 k g .,  r a t io  1 ;5 0 ) . The r e s u l t s  are ta b u la ted  in

Table I I I .

Table -  I I I
V

Frac. E luent 
No.

No. o f  ml. 
c o l le c te d

W t.in  g .
( clean)

13 P etro lsu n  e th er 50 4 .646  -  20 .0
14 n 4 .7 8 3  -  21.1
15 M 3.758 -  20 .6
16 t l 2.194 -  19.0
17 100 1. 6 ^  -  17.5

18 150 1.745 -  11-25

19 ” tl 0.261

Chrouiatosi’ap iiic fr a c tio n s  13 to  16 (a^ove) were combined.

The combined fr a c tio n  d id  not show any ab sorp tion  maximum 

c h a r a c te r is t ic  o f  conjugated  double bonds. I t  was th ere fo re



d i s t i l l e d  over sodium (tw ic e )  and i t s  physicochem ical 

co n sta n ts  were determ ined.

b .p . 1 1 2 -1 1 5 °/6 .5  mm; -  ig?46 (c le a n ) ;  n^^ 1.5000;

d |°  0 .9258;

( i )  6 4 .4 6 , ( i i )  6 4 .4 5 , ^15^24 req u ires 6 4 .4 .

A n a lysis  : Found ; C, 8 7 .3  ; H, 11.6 ;

^15^24 8 8 .1 6 ; H, 11.84^.

Hydro.'cenation o f hydrocarbon (C)

Hydrocarbon (0 ,5 5 8  g .)  was hydrogenated in  g la c ia l  

a c e t ic  a c id  (15 m l.) u sin g  platinum  oxide c a ta ly s t  (1 2  mg.) 

at room tem perature and atm ospheric p ressu re . The absorp

t io n  o f  hydrogen (67  m l.) corresponding t o  0 .9 2  mole o f  

hydrogen was complete in  4-| hours a f t e r  which th ere  was no 

fu rth er  ab sorp tion . C ata lyst was f i l t e r e d  o f f  and th e  

l i l t  ra te  d ilu te d  w ith  w ater and th e  hydrogenated product was 

taken  up in  petroleum  e th e r . The petroleum  e th er  e x tra c t  

v/a3 washed free  o f  a c id , dried  and th e so lv en t evaporated .

The resid u e  was d i s t i l l e d .

b .p . 1 5 0 -1 5 2 °(b a th )/6 .2  mm; [a ]J °  -9 .9 3 8  (C, 2 ,5 1 5 );

A n a lysis  ; Found : C, 8 7 .6  ; H, 1 2 .2  ;

^15^26 * 0 ,8 7 .3  ; H, 12 .7

The dihydroproduct did not consume any perbenzoic  a c id  and 

did not g iv e  c o lo u ra tio n  w ith  tetran itrcan eth an e.
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(1) Hydrocarbon (0 .4 5 6  g .)  was heated  w ith  selenium

powder (0 .5 8  g . )  at 280-290° in  n itrogen  atmosphere for  48 

hours. The dehydrogenated product was taken up in  e th e r , 

concentrated  and chromatographed over alim ina (grade I ,  40 g . ) .  

The c o lo u r le s s  nonazu len ic product (0 .2 7  g .)  5 id  not show any 

ab sorp tion  in  th e  u lt r a v io le t  r eg io n . The co loured  azu len ic  

fr a c tio n  (0 .0 4 4  g . )  wa5 p u r if ie d  through phosphoric acid  

complex when aisulene (0 .0 1 2  g . ) was obtained . I t  afford ed  

1 ,3 ,5  T .li.B . adduct m.p. 107° (e th a n o l) .  Azulene v/as 

regenerated  from th e  T.N.B. adduct by p a ssin g  throuf^i alumina 

column (grade I I ,  4 g .)  and i t s  v i s ib l e  spectrum determ ined, 

^^max '̂^2, 355 , 520 , 284 , 228 m ;a).

(2 ) Hydrocarbon (1 .1 4  g .)  was heated  with selenium  

powder ( 2.2  g . )  at 280- 290° in  n itrogen  atmosphere for 4-| hr s .  

The dehydrogenated product was taken  up in  e th e r , concentrated  

and chromatographed over alum ina (grade I I ,  50 g . ) .  The 

c o lo u r le s s  nonazu len ic fl:*action (0 .8 7  g .)  d id  not show any 

u lt r a v io le t  absorption  and d id  not fu rn ish  any c r y s ta l l in e  

d e r iv a t iv e  w ith  T.N.B. or p ic r ic  a c id . The petroleum  eth er  

so lu t io n  o f th e  coloured  fr a c t io n  (0 .141 g . )  was shaken w ith  

phosphoric a c id  rep ea ted ly . The complex was decomposed by 

shaking w ith  co ld  w ater and azu len es were ex tra c ted  with e t h e r .  

irther e x tr a c t  was washed free  o f  a c id , d r ied  and e th er  

evaporated when a zu len es(0 .0 9 7  g .)  were ob ta in ed . From the  

low m eltin g  poin t o f  th e  T.N .B. adduct obtained  in  th e  e a r l i e r
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Dehydrorenation o f  hydrocarbon (C)



experim ent, i t  was su sp ected  to  be a m ixture and was 

th ere fo re  chromatographed on hundred fo ld  alumina (grade I) 

and th e  a zu len es e lu te d  w ith  petroleum  e th e r  in  about 13 

fr a c tio n s  o f  15 m l. each. T ractions 2, 6 and 10 were 

examined d ir e c t ly  w ith  the spectrophotom eter in  th e  v i s ib l e  

reg io n , when i t  was c le a r ly  in d ic a te d  th a t two blue azu len es  

were foiraed during dehydrogenation but th e r e  was no e f f e c t iv e  

sep a ra tio n . I^raction nos. 1 t o  8 were combined. A fter  

removal o f  so lv en t th e  residue was converted  in t o  1 , 3,5  T .N.B. 

d e r iv a t iv e  (e th a n o l) .  A fter  ixspeated c i y s t a l l i s a t i o n s  i t  

was brought to  a con stan t m.p. 131° (e th a n o l) .

V is ib le  and U.V. spectrum o f  azulene ( T.K.B. m. p. 131°)

Azulene T.N.B. m.p, 131° (3 .1  mg.) v/as passed  

through alumina column (^rade I I ,  4 g . ) and th e  azulene e lu te d  

w ith petroleum  e tlie r  and petroleum  eth er  s benzene ( 1 : 1) .

A fter  evaporation  o f  so lv en t i t  was d is so lv e d  in  sp ec tro 

s c o p ic a lly  pure n-heptane (5 ml, s o lu t io n  I ) .  1 ml. o f

s o lu t io n  I was d ilu te d  t o  5 ml. ( s o lu t io n  I I )  and 1 ml. o f  

s o lu t io n  I I  was d ilu te d  to  10 ml. ( s o lu t io n  I I I ) .  S o lu tio n  I  

e x h ib ite d  maxima at 607 ( s tr o n g ) ,  555, 586, 661 , 699, 710,

733 m}i in  th e  v i s ib l e  reg ion  and s o lu t io n  I I I  e x liib ited  

maxima at 245, 306, 353, 372 m}i in  th e  u l t r a v io le t  reg io n .

The m eltin g  p o in t o f  th e  T.M.B. adduct (131°) agrees  

w e ll w ith  th a t o f  chamazulene T .N .B ., but i t s  v i s ib l e  spectrum  

i s  con sid erab ly  d if:ftirent from tiia t  rep orted  by P la ttn er^ .
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Chromatographic fr a c t io n s  9 t o  15 were combined 

and th e  T.N.B. adduct prepared (m .p, 1 2 5 °). A fter  repeated  

c r y s t a l l i s a t io n s  from eth an ol th e  m.p. was 147°. Mixed 

m eltin g  point w ith  an a u th en tic  sample o f  g u a ia zu len e , T.K.B. 

m.p. 151° was undepressed . The amount o f  T.N.B. adduct l e f t  

at t h i s  stage  was in s u f f ic ie n t  to  deteim ine i t s  v i s ib l e  

spectrum and th e  above f in d in g  could not be pursued fu rth er.

Q zon o lysis  o f  hydrocarbon (C)

A stream  o f  dry ozon ised  oxygen was bubbled through  

a so lu t io n  o f  hydrocarbon ( 3 .3  g . )  in  e th y l a c e ta te  (20 m l.)  

at 0 ° , t i l l  com pletion . The so lv e n t was removed under 

su c tio n  at 4 0 ° , and the ozonide was heated  w ith water (20 m l.) 

on a w ater bath for  3 hours, trap p in g  th e  en su in g  g a ses  in  

co ld  w ater. The trap  water c o l le c t e d  during o zo n o ly s is  and 

during decom position o f the ozonide gave stro n g  t e s t s  for  

foraaldehyde (dimedone d e r iv a t iv e  m.p. and mixed m.p. 189°) 

and n egative  iodofoim  t e s t  in d ic a t in g  absence o f  acetone.

The n o n v o la tile  pairt was ex tr a c te d  w ith  e th e r  and eth er  

e x tr a c t was separated  in to  a c id ic  and n eu tra l p arts by shaking  

w ith  sodium bicarbonate s o lu t io n . The n eu tra l e th er  e x tra c t  

(1 ,3 5  g .)  was chromatographed over alumina (grade I I I ,  30 g . ) .  

The product e lu te d  w ith benzene gave sem icarbazone m.p. 208°, 

but was in s u f f i c ie n t  fo r  e lem en ta l a n a ly s is  and regen eration  

o f  th e  pure k eton e.

The b icarbonate e x tr a c t a f t e r  a c id i f i c a t io n  and 

e x tr a c t io n  w ith  e th e r  gave a c id ic  product (2 .5  g . ) .  T his
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was e s t e r i f i e d  w ith  diazomethane and th e  n eu tra l product was 

d i s t i l l e d  under reduced p ressu re . The product was c o l le c te d  

in  th ree  f r a c t io n s  according t o  b o i l in g  ranges :

( i )  b .p . 145-150°/3  nun; 0 ,338  g. [Found ; C, 70.54}

H, 8 .7 6 ] ;

( i i )  b .p .  178-185°/0*2  mm; 0 .5 6 7  g.[Found : C, 67 .9 ;  H, 9 .0 ) ;

( i i i )  b .p , 190-195°/0*2  mm; 0 .5 3  g . was very v is c o u s .
•

I s o la t io n  o f  hydrocarbon (D)

The la e v o r o ta to iy  fr a c t io n s  obtained during  

fr a c t io n a t io n  o f  A, ( f r a c t io n s  17 t o  22, p . 5 3  , aj^-2 t o  -5 8 °)  

were combined (100 g . )  and were chromatographed in  two 

b atches , each o f  50 g . on n eu tra l alumina (grade I I I ,  1.5 k g . ) .  

The column was e lu te d  s u c c e s s iv e ly  with petroleum e th er ,  

petroleum e th er  : benzene ( 1 : 1 ) ,  benzene and e th er .  The 

r e s u l t s  o f  chromatography are presented  in  Table IV.
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Table -  U

- 32 -

i^ac iiluent No. o f  ml. W t.in g . n26

1.5155

(c lean )  

-  0 .3

Wo.

1 Petroleum e th er

c o l l e c t e d

200 3.451
2 tt 11.801 1.5238 - 2 6 .3
3 n 94 7.437 1.5 248 -3 8 .3
4 t i w 1.929 1.5280 -4 0 .3
5 t i .  500 0.634 1.5202 —
6 ti 3000 1.412 1.4910 -2 8 .5
7 Petroleum eth er  

benzene (1 :1 )

•

500 2.257 1.5022 -1 0 .1
8 tl t( 2 .302 1.5082 +20.3
9 tl If 1.603 1.5118 +13.2

10 t t 1000 2.341 1.5118 + 15.9
11 Benzene 1000 2.373 1*5080 + 8 .5
12 IT tl 1.809 1.5092 + 20.1
13 irther M 7 .108 1.5099 +15.0
14 n ft 2.996 1.5100 +23.3

Chraaatographic fr a c t io n s  2, 5 and 4 (Table IV, 40 g. from 

two batches) were combined and re chromatographed over alumina 

(grade I I I ,  2 k g . ,  r a t io  1:50) and th e  column was e lu te d  w ith  

petroleum e th e r .  The r e s u l t s  are recorded in  Table V.
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Table - V

Frac.
No,

Eluent Ho. o f  ml. Viit.in g. 
e lu te d

n..26
4 ^

( clean)

1 Petroleum e th er 100 6.018 1.5113 + 0 .3
2 « n 8 .553 1.5220 -2 8 .6
3 n n 9.055 1.5240 - 5 4 .5
4 ti n 7.064 1.5  263 -3 9 .9
5 fi • « 4.371 1.5285 -4 7 .0
6 ti 300 2.631 1.5300 -3 4 .0

The la e v o r c ta to iy  f r a c t io n s  2 t o  5 (Table V) were 

combined and chromatographed rep ea ted ly  over grade I I I  and 

grade I I  alumina. The e a r l i e r  fr a c t io n s  e lu te d  from th e  

column, which were d extrorotatory  and w ith  a lower r e fr a c t iv e  

in d ex , were th u s  re so lv ed  by repeated  column chromatography. 

The purest hydrocarbon th u s obtained had a higher r e fr a c t iv e  

in d ex . During each  chronatographic sep aration  some l o s s  o f  

m a ter ia l to  th e  column was a ls o  observed, which l im ite d  the  

use o f  h igh er  r a t i o  o f  alumina. The hydrocarbon D (2  g . )  

th u s  i s o la t e d  was d i s t i l l e d  under reduced pressure ( tw ice )  

and i t s  physicochem ical constants  were determined.

b .p .  9 4 -9 6 ° /0 .7  mm; n^  ̂ 1.5355; [a]^^ -49°.15 (C, 3 .5 4 );

A n a ly s is  ; ?ound : C, 8 9 .0  ; H, 10 .65;

^15^22 89 .04 ; H, 10.96?^.



U lt r a v io le t  Spectrum ;

The u l t r a v io l e t  spectrum o f  th e  hydrocarbon (D) 

e x h ib ite d  peaks at 227.5 C , 17 ,4 0 0 ) ,  255 (1 4 ,5 2 0 ) ,

267 (6,52^^), w ith  ^ v a lu es  at 215 (15 , 340), 211 (14 , 290),

210 (14 ,770) m̂ i r e s p e c t iv e ly .

Hydro,.g:enation o f  hydrocarbon (]3)

Hydrocarbon ( 0 .6 2  g . )  d is s o lv e d  in  g la c i a l  a c e t i c  

acid  (15 m l.)  was hydrogenated at room temperature and 

atmospheric pressure in  th e  pr'esence o f  Adams c a ta ly s t  (30 m g.).  

The uptake o f  hydrogen corresponding t o  one mole was very  

quick ( 1-| hours ) and second mole o f  hydrogen was absorbed  

during 13 hours, a f t e r  which rate  o f  absorp tion  became very  

slow. The product was not examined fu r th er .

Selenium dehydro/~:enation o f  hydrocarbon (D)

Hydrocarbon (0 .6 1 8  g . )  was heated  w ith  selenium  

(0 .6 1 2  g . )  at 285*̂  for 19 hours in  n itro g en  atniosphere. The 

dehydrogenated product was ex tra c ted  w ith  petroleum e th e r ,  

concentrated  and chromatographed over alumina (grade I I ,  20 g . ) .  

Bo azu lenes were formed during dehydrogenation. The co lo u r-  

l e s s  hydrocarbon (0 .4 5 2  g . ; njj 1.5530) was e lu te d  w ith  

petroleum e th e r .  U l t r a - v io le t  spectrum ; A mov 228 (6’,4 5 ,2 2 0 ) ,mSrX '
261, 280 , 320 mji (approximate y ie ld  was 4 6 ^ ) .  I t  r e a d ily  

furnished 1 ,3 ,5  T.iN.B. adduct o f  eudalone m.p. 110° (e th a n o l) ,  

mixed m e lt in g  p o in t w ith  an a u th en t ic  sample was 111°.
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A s-fc3ream o f  dry ozonized oxygen was bubbled through  

a s o lu t io n  o f  hydrocarbon (0 .705  g . )  in  e th y l  a c e ta te  (15 m l.)  

t i l l  th e  absorption  was com plete. The tra p  water c o l l e c t e d  

during o z o n o ly s is  and during decom position o f  the ozonide 

gave strong  p o s i t iv e  t e s t  for  formaldehyde (dimedone d e r iv a t iv e  

m.p. and mixed m elting  poin t 189°) and n eg a tiv e  iodoform t e s t  

for  ace ton e . The n o n v o la t i le  product o f  o z o n o ly s is  was not 

escanined fu rther.

Oxy^ecenated c o n s t i tu e n t s  o f  V etiver  Oil

I l ’a c t io n  Hos. 11 and 12 (Table I ,  p. 51) from four  

fr a c t io n a t io n  batches were combined (193 g . )  and chromato

graphed over alumina (grade I I I ,  6 k g . ,  r a t io  1 :3 0 ) .  The 

column was e lu te d  s u c c e s s iv e ly  vidth petroleum eth er  (10 1 . ) ,  

benzene (25 1 . )  and e th er  (22 1 . ) .  The r e s u l t s  o f  chromato

graphy are ta b u la te d  in  Table VI.

Table -  VI
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Ozonolysis of hydrocarbon (D)

T ^ C Ji’lu en t No. o f Wt.in g. ”1 'No. l i t r e s IJ

1 Petroleum e th er 10 9 .222 1.5 250 + 31.75
2 Benzene 10 55.983 1.5318 + 4 7 .1 2
3 ft 15 55.469 1.5258 + 33.13
4 irther 10 33.559 1.5 258 + 34.36
5 If 12 2.910 dark brown (ic v isco u s



Chromatographic fr a c t io n  1 (Table VI) was b lu ish  i n  colour  

and from i t s  in fr a r e d  spectrum appeared t o  be a complex 

mixture o f  conjugated hydrocarbons and azu len es .  I t s  

examination was reserved  for  a iutui'e occasion .

In fra -red  spectrum o f  fr a c t io n  2 (Table VI) 

ex h ib ited  in te n s e  bands at 1725, 1655, 1600 cm”  ̂ c h a r a c te r i s t i c  

o f  a f iv e  menbered r in g  ketone and an a -p -u n satu rated  ketone  

and a weak hydroxy band at 5300 cm”" \  I t s  u l t r a v io l e t  

spectrum showed absorption  maximum at 253 (^ ,1 4 ,2 0 0 )  and 295 m^

Chromatographic fr a c t io n  5 (5 5 .9  g . )  (Table VI) 

was r ic h  in  a lc o h o l ic  c o n s t i tu e n ts  ( I .R ,  band at 3300) and 

was chromatographed over alumina (grade I I I ,  1.68 k g . ,  

r a t io  1:30) and th e  column was e lu te d  w ith  petroleum e th e r  ; 

benzene ( 1 : 1 ) ,  benzene and e th e r .  The r e s u l t s  are recorded  

in  Table VII.

-  86  -
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Table - VII

I t a c ,  iiluent Jmo. o f  ml. Wt.in g.  
No. c o l l e c t e d

n23 [ a ] | 5  W-t. o f  
crude 
a ce ta te  

g.

1 Petroleum 500
e th e r  : 
benzene 

( 1 : 1)
2 " " .
5 II n
4 w II
5 « n

6 " 500x2
7 " 500x3
8 Benzene 500
g II «

10 " 500x2
11 '* 500x4
12 •' 500x7
13 i^ther 500x3

3.464 1.5230

2.632
2.683
2.892
2.092

4 .5 9
5 .640
4.294
3.553
5.355
6 .306
6 .743
2.846

+ 19.16

+ 20.47  

+ 20.15

1.5240  
1.5230  
1.5238
1.5240
1.5240  
1.5248  
1.5266  
1.5262  -  _

1.5268 + 3 6 .5 ^
1.5262 + 38 . 74
1.5270 —
1.5250 -----

7.122

11.471 

> 7.396
+ 30.95 8.851

13.768

■^8.231
-^ 3 .8 7

Various fr a c t io n s  having s im ila r  r e f r a c t iv e  in d ic e s  and 

r o ta t io n s  were combined, and tr e a te d  w ith  p y r id in e  and a c e t i c  

anhydride and kept at room temperature for 48 h rs .  Crushed 

i c e  was added and con ten ts  were e x tra c ted  w ith  e th e r .  Jiither 

e x tr a c t  was washed s u c c e s s iv e ly  w ith  d i lu te  h yd roch lor ic  a c id ,  

water, b icarbonate s o lu t io n  and d r ied . On evaporation  o f  

e th er  crude a c e ta te s  were obtained . Weights o f  crude a c e ta te s  

are recorded in  th e  l a s t  column o f  Table VII. Crude a c e ta te s  

o f  fr a c t io n s  2 and 3 and 4 t o  7 (Table VII) were chromatographed 

on alumina (grade I I ,  r a t io  1 :3 0 ) .  Various a c e ta te  fra c t io n s
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1 .4995 , + '12'̂ ) were obtained to g e th e r  w ith  some

unchanged a lco h o l ( e lu te d  with e th e r ) .

i 2 8

Crude a c e ta te  o f  fr a c t io n s  8 and 9 (8 .8 9  g . i  

Table VII) was chromatographed over alumina (grade I I I ,  250 g . , 

r a t io  1:30) and e lu t e d  with petroleum e th e r .  i ie su l t s  are 

recorded in  Table V III.

Table -  VIII

Frac.
No.

Eluent No. o f  ml. . i n  g. 
c o l le c t e d

n23
D

[a l2 5l“Jd

1 Petroleum e th er 100 1.3327 1.5020
2 n tf 1.7851 1.5038
3 ti If 1.0850 1.5040
4 ft 200 1.1031 1.5048
5 If 250 0 .6038 1.5050
6 II ir 0 .5060 1.5052
7 n II 0 .2917 1.5058
8 iither 1 1. 1.3270 1.5 250

combined & 
d i s t i l l e d ,  
b . p . 135-140/  
0 .2  mm.
n^^ 1,5058  

[ a ] ^ \ 3 2 ‘! l6

Chromatography o f  crude a c e ta te s  o f  f r a c t io n s  10 and 11 

(Table VII) in  a s im ila r  way y ie ld e d  a c e ta te  fr a c t io n s  with  

id e n t ic a l  in fr a r e d  sp ec tra . These fr a c t io n s  were combined 

and d i s t i l l e d  under reduced p ressu re ,  [b .p .  140-145° (b a t h ) /

0 .4  mm, 1 .5060; [a ]^  + 52?4 ] .

Chromatography o f  crude a c e ta te  o f  fra c t io n  12 

(Table VII) s im i la r ly  y ie ld e d  a c e ta te  f r a c t io n ,  (n^® 1.50 28,

[a ]  + 38°.3 ) .



ChrcHnatographic fraGtion 4 (Table VI, 33.5 g . ) 

e lu te d  w ith  e th e r ,  which was mainly r ich  in  a lc o h o l ic  

c o n s t i tu e n ts  w ith  tra ce  im p u r it ie s  o f  ketones as revea led  

from i t s  in fra red  spectrum was chromatographed over alumina 

(grade I I I ,  1 k g . ,  r a t io  1:30) and the column e lu te d  with  

petroleum ^tiier  : benzene ( 1 : 1 ) ,  benzene and e th e r .  The 

r e s u l t s  are recorded in  Table 11.

• Table -  IX
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Frac,
No.

iSluent No. o f  ml. 
c o l le c t e d

W t.in g. n 2 8 . 5 ,Vt. o f
crude
aceta te

6 .

1 Petroleum  
; benzene

e th e r
(1 :1 )

500x2 0 .3 4 7 2 1.4956

2 II 500 1.9211 1.5190
3 ff 500 5.8519 1 .5 2 3 6 “

11.6574 fl 500x2 3.8588 1 .5 2 3 6 _
5 n 500x2 4 .7160 1 .5 2 3 8 ~

9.9216 ff 500x2 2.7010 1 . 5 ^ 2 ,_
7 Bensene 500 1.4784 1 .5 3 ^ 8 ~
8 « 500 2.2330 1.5 251
9 f l 500x2 2.5600 1.5 251 10.326

10 n 500x2 1.6768 1.5262
11 II 500x2 0.8382 1.5268
12 n 500x5 0.9660 1 .5262
13 JSther 500x5 4.5986 —

Chromatographic f r a c t io n s  1 and 2 (Table IX) were
— 1mixture o f  ketones ( I .R .  band at 1732 cm ) and a lc o h o ls .



fielevam-b fra c t io n s  as shown in  Table IX wore coaoined and 

wei’e converted in to  t h e i r  a c e ta te s  in  th e  usual manner. The 

w eights o f  cinide a c e ta te s  are recorded in  th e  l a s t  column 

o f  Table IX. Crude a c e ta te  o f  f r a c t io n s  5 and 4 (Table IX,

11.6579) was chrcxaatographed ovex’ alumina (grade I I I ,  350 g . )  

and e lu t e d  with petroleum e th er .  The r e s u l t s  are recorded  

in  Table X.

• Table -  X
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Frac.
No.

iiluent No. o f  ml. 
c o l l e c t e d

W t.in  £ . n28
D

1 Petroleum e th er 100 1.109 1.5010
2 II tf 0.914 1.5028"
3 tr If 0 .822 1.5028 Combined
4 ft 200 1.225 1.5028
5 fi II 0.655 1.5032 + 37.11
6 ti II 0 .5 1 2 1.5028
7 ft 500 0 .794 1.5040
8 iither 500x2 2. 204 1.5182

Crude a c e ta te s  o f  fr a c t io n  5 and 6 and 7 t o  11 (Table IX) 

were s im ila r ly  chromatograpned and th e  re levan t fr a c t io n s  

were combined.

A cetate  o f  Alcohol (E)

Part o f  th e  a ce ta te  ( f r a c t io n s  2 t o  6 | Table X) 

was d i s t i l l e d  under reduced p ressu re .



b .p .1 5 0 -1 5 5 °C b a th )/1 .5  mm; 1.5048; [a]^"^+57°. 11 (0 ,1 .5 6 3 )

A nalysis  : Found : G, 78 .02; H, 10.01;

C17H26O2 ^ ^ u i r e s  : C, 77 .82; H, 9.995^.

Alcohol (E)

The mixture o f  a ce ta te  (6 .0768  g . )  d is so lv e d  in  

e t h y l  a lco h o l (25 m l.)  and a lc o h o l ic  potassium hydroxide  

s o lu t io n  (51 m l.;  3%) was refLuxed on a water bath for  4 hrs.  

Contents a f t e r  c o o l in g  were ex tr a c te d  w ith  e th er . iJther 

e x tr a c t  was washed free o f  a l k a l i ,  dr ied  and e th er  evaporated  

t o  -aive th e  regenerated a lcoh o l (5 .1 2 6  g . ) .  A sm all part o f  

th e  a lc o h o l  was d i s t i l l e d  under reduced p ressure .

b .p .  140-148° (b a t h ) /0 .4  mm; n^^ 1.5260; [a]^ ^  + 34°.31

A n alysis  : Ibund : 0 , 81 .6  ; H, 10.9 ;

^15^24  ̂ requ ires : G, 81 .76; H, 10.985^.

I.R .spectruir (ELg.8) : Bands at 3448, 1642, 1383, 1366, 1167, 

1121, 1087, 1064, 1031, 948, 895 cm""'.

Hydrogenation o f  Acetate

A cetate (5 .164  g . )  d is so lv e d  in  g l a c i a l  a c e t i c  ac id  

(25 m l.)  was hydrogenated in  presence o f  p a l la d is e d  carbon 

( I I 5S, 0 .51 g . )  at room temperature and atm ospheric p ressu re .  

The uptake o f  hydrogen was 620 ml. (1 .1  m oles) in  5 h r . ,  a f t e r  

which th e r e  was no further absorption . The c a ta ly s t  was 

f i l t e r e d  o f f ,  and th e  f i l t r a t e  a f t e r  d i lu t io n  w ith water was 

e x tra c ted  v/ith hexane. Hexane e x tr a c t  was washed free  o f  

a c id , dried and hexane evaporated t o  y i e l d  d ihydroacetate
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(4 .8 4 2  g . ) .  Part o f  i t  was chrcMnatographed and then  

d i s t i l l e d  uncier reduced p ressu re ,

O 22 r- ®
b .p .  138-140 C bath )/0 .4 mmj n“  1.4920; [a ]^  + 25.54 (C, 0 . 7 ) .

A nalysis  : Found t C, 77 .49; H, 10.91;

req u ires  : C, 77 .22; H, 10.62?^.

Dihydro a lcoh o l ( II )

Dihydroacetate (4 .8 4 2  g . ) ,  d is so lv e d  in  ethanol  

(25 m l . ) t  was refLuxed with a lc o h o l ic  potassium hydroxide  

s o lu t io n  (50 ml, 3%) f o r  4 hours. The con ten ts  were d ilu ted  

w ith  water and ex tr a c te d  with e th e r .  Combined e th e r  e x tr a c ts  

were washed j=l?ee o f  a l k a l i ,  dr ied  and th e  so lv e n t  evaporated  

t o  g ive  th e  res id u e  (4 .138  g . ) .  D ihydroalcohol (3 .3279) was 

chromatographed over alumina (grade I I I ,  100 g . )  and the  

column e lu te d  s u c c e s s iv e ly  with petroleum e th e r ,  benzene and 

e th e r .  ito su lts  o f  chromatography are recorded in  Table XI,

Table M
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Erac.
No.

iiluent Wo. o f  ml. 
c o l l e c t e d

Wt,±n g .
»»

1 Petroleum eth er 200 0.821 3.85

2 Benzene 250 1.796 + 28.44

3 iith er 250 0 .7 4 7 + 29.20
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Infrared  spectrun  ( l i g .  13) o f  fr a c t io n  1 (Table XI) revealed  

th a t  i t  was a sa tu ra ted  hydrocarbon. I t  d id  not give  

co lou ra tion  w ith  te tran itrom eth an e . I t  was d i s t i l l e d  over

sodium.

26b .p . 138- 142^(bath ) /6  mm; n^  ̂ 1.4813; +3.85

A nalysis Found : C, 86.8  5 H, 13.7 ;

^15^28 8 6 .4 6 ;  H, 15.54?^.

D ihydroalcohol ( f r a c t io n  2, Table XI) was d i s t i l l e d  under 

reduced pressure :

b .p . 152- 155° ( b a t h ) /0.1  nin; n^  ̂ 1.5058 
A nalysis  ; Found : C, 81 .5  

req u ires  ; C, 81 .0 2

a + 28".44 (0 ,1 1 .2 5  

H, 11.5 ;

H, 11.79%.

C-GHj : ( i )  6.83?^; ( i i )

Chromiuiflti-ioxide-pyridine ox id a tion  o f  d ihvdroalcohol C11)

D ihydroalcohol (0 .5710  g . , not chromatographed) 

d is s o lv e d  in  pyr id in e  (5 m l.)  was added dropwise t o  the chro- 

Fiiumtrioxide pyr id in e  complex prepared by adding chrcMium- 

t r io x id e  ( 0 . 5539) t o  pyrid ine (5 m l.)  at 0 ° and was allowed t o  

stand at room temperature overn igh t. Contents were d ilu te d  

w ith  water and taken up in  e th e r .  fither e x tr a c t  was washed 

w ith  d ilu te  hydroch lor ic  a c id ,  water and was i^iven washing 

w ith sodiumbicarbonate s o lu t io n .  Aqueous b icarbonate la y er  

was a c id i f i e d  w ith  d i lu te  h yd roch lor ic  ac id  aJid ex tra c ted  with  

e th e r .  The e th e r  ex tra c t  was washed with w ater ( t w ic e ) ,



dried  and th e  so lven t evaporated t o  g iv e  0 .05  g . a c id ic

product. I t  was not examined fu rth er . The n eu tra l e th e r e a l

ex tra c t  was washed free  o f  b icarbonate , d r ied  and th e  so lv en t  

evaporated. The residue (0 .4 6 4  g . )  was chromatographed 

over alumina (grade I I I ,  25 g . ) .  The petroleum eth er  e lu a te  

(0 .1178  g . ) gave a sa tu ra ted  hydrocarbon ( I I ) .  I t s  in fr a -r e d  

spectrum was id e n t ic a l  w ith  th e  sa tu ra ted  hydrocarbon separated  

from dihydroalcohol by ^chromatography. Product (0 .1 5  2 g . )  

e lu te d  w ith  petroleum e th e r  : benzene ( 6 : 1) was th e  ketone  

( I I I ) , ]± r e a d i ly  formed 2 ,4  D.N.P. d e r iv a t iv e  m.p. 133° (e th a n o l) .  

The ketone ( I I I )  was d i s t i l l e d ,  b .p .  1 4 5 -1 4 8 °(b a th ) /0 .5  mm.

A nalysis  : Ibund ; C, 8 1 .4 5 ;  H, 11.27;

C15H24O req u ires  ; G, 8 1 .7 6 ;  H, 10.98J»

I .  R. spectrum ( I i g . 9 )  : Bands at -  1733, 1404, 1389, 1362, 1245,

1183, 1166, 1134, 1105, 1079, 1039, 1010, 995, 961 , 952, 813, 

760, 676 cm“ \

T osy la te  o f  a lcoh o l (E)

Alcohol (1 .3 6 8  g . )  d is s o lv e d  in  p yrid ine  (10 m l.)  

was added t o  fr e sh ly  c r y s t a l l i s e d  p -to lu en esu lp h on y l ch lor id e  

(1 .5 4 8 )  d is s o lv e d  in  pyrid ine (10  m l.) and the rea c ta n ts  were 

allow ed to  stand overnight in  a stoppered c o n ic a l  fLask at 

room tem perature. Contents were d i lu ted  w ith water and 

taken up in  e th e r .  lather e x tr a c t  was washed s u c c e s s iv e ly  

w ith  water, d i lu t e  hydroch loric  a c id ,  water, sodium bicarbonate
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s o lu t io n  and f i n a l l y  w ith  water. I t  was dried  and evaporated

to  g ive  2 .098 g. crude t o s y l a t e .  I .  H. spectrujn -  bands at ;

1624, 1589, 1172, 1095 cra“  ̂ and hydroxj'- peak (3448 cm“ )̂ was 

absent.

Litliiumaluminiumhydride red u ction  o f  t o s y la t e

T osylate  (1 .6503  g . )  d is s o lv e d  in  dry e th er  (15 m l.)  

v;as added t o  a s lu rry  o f  l ith iu m  aluminium hydride (0 ,8 9  g .)  

in  dry e th er  (25 m l.)  during 30 min. w ith  coo lin g  and th e  

co n ten ts  were re fluxed w ith  s t i r r i n g  for 3 h rs . i ixcess  o f  

lithiumaluminiurahydi’id e  was decanposed by adding m oist e th er  

and w ater . The hydroxide sludge was decomposed by the  

a d d it io n  o f  d i lu te  h yd roch lor ic  a c id  w ith  s t i r r in g .  Ji'ther 

la y e r  was separated and th e  aqueous la y e r  was ex tra c ted  with  

e th e r .  Combined e th e r  e x tr a c t s  wejre washed free  o f  a c id ,  

d ried  and e th er  evaporated . The res id u e  (1 .0 5  g . )  was 

chromatographed over alumina (grade I ,  25 g . )  and e lu t e d  with

petroleum e th er . The hydrocarbon (0 .674  g . ) a f t e r  evapora

t i o n  o f  so lv en t  was d i s t i l l e d  over sodium under reduced 

p ressu re , b .p .  1 4 5 ° (b a th ) /6 .5  mm; n̂ *̂  1,5037;

+ 33°.S8 (C, 1 .8 ) .

A nalysis  ; Found : G, 88 .4  ; H, 11.6 ;

*^15^24 88 .16 ; H, 11,84^.

I .  R.spectrum (jFig, 10) -■ Bands at 1788, 1633, 1375, 1364, 1323, 

1299, 1254, 1160, 1125, 1097, 1037, 1015, 981, 971, 925, 891, 

810, 709 cm"”'.
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A dry stream o f  ozonized oxygen was passed in t o  

th e  s o lu t io n  o f  hydrocarbon (0 .6 7 3  g . ) in  dry e th y l a c e ta te  

(15 m l.)  u n t i l  i t  was sa tu ra ted . The trap  water c o l le c t e d  

during o zo n o ly s is  gave t e s t  for foiroaldehyde (dimedone 

d e r iv a t iv e  m.p. 189°) and a negative  iodofonn t e s t  in d ic a t in g  

absence o f  acetone. A fter  removal o f  so lv en t  under su c t io n  

at 4 0 ° ,  th e  ozonide was* heated w ith  water (15 m l.) on a water 

bath for  3 h rs . Contents were then  taken up in  e th e r  and 

th e  a c id ic  product separated  by washing w ith  aodiumbicarbonat 

s o lu t io n .  The n eu tra l product (0 .5045  g . )  was chromato

graphed over alumina (grade I I I ,  25 g . ) .  The petroleum ethe 

e lu a te  a f t e r  evaporation  gave th e  ketone (V, 0 .199  g . ) .  I t  

did not g ive  iodoform t e s t  in d ic a t in g  absence o f  CO-CHj groui: 

I .  R. spectrxim i s  reproduced in  ( l i g .  11).

DehydroA'enation o f  a lc o h o l (E)

A lcohol (0 .918  g . )  was heated  w ith  selenium powder 

(0 .9 4 8  g . )  at 285- 290°, in  n itro g en  atmosphere for 24 hours. 

The dehydrogenated product was taken up in  petroleum e th e r ,  

concentrated  and chromatographed over alumina (grade I I ,

30 g . ) .  The petroleum e th er  e lu a te  ( 0 .3  g . » 1.5312)

showed u l t r a v io l e t  absorption  maxima at 227.5 and 267 m}i .

The product was p a r t i a l l y  so lu b le  in  e th an o l and th e  (- value  

could not be c a lc u la te d .
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Qzonolysia of hydrocarbon ( lY)



Hydrocarbon (0 .316  g , )  was heated  with selenium  

powder (0 .501 g . )  at 285-295° for s i x  hours in  n itro g en -  

atmosphere. The dehydrogenated product was taken  up in  

e th e r ,  concentrated  and chromatographed over alumina (grade I ,

25 g . ) .  On evaporation o f  petroleum e th er  e lu a te  (25 m l.)  

hydrocarbon (0 , 263 g . , 1 .5098) was obtained. Wo

azu len es  were formed difring dehydrogenation, I .R ,spectrum  

bands at : 1595, 14 9 3, 1379, 1370, 1351, 1300 , 878 , 828 , 750 cm” ''.

Hydro..-:enation o f  hydrocarbon ( IV)

Hydrocarbon (0 ,3 4 6  g , ) in  g l a c i a l  a c e t ic  acid  

(15 m l . ,  p a r t i a l l y  so lu b le )  was hydrogenated in  presence o f  

platinum oxide c a ta ly s t  (10 mg.) for th ree  hours. The uptake 

o f  hydrogen (48 m l.)  corresponded to  1.1 m oles. C atalyst  

was f i l t e r e d  o f f  and the  f i l t r a t e  a f t e r  d i lu t io n  w ith water  

was ex tra c ted  with petroleum e th e r .  Petroleum eth er  e x tr a c t  

was washed free  o f  a c id ,  dr ied  and th e  so lv en t  evaporated.

The residue (0 .3 3  g . )  was d i s t i l l e d  over sodium. 

b .p .1 4 5 - l5 0 '^ (b a th ) /6 .5  mm; n̂ "̂  1 .4925; + 47 .78  ( 0 ,1 .2 3 5 ) .

I.R .spectrum  (T ig , 12) : Bguids at 1307, 1290, 1263, 1235, 1176,

1155, 1142, 1124,1116 , 1089, 1058, 1036, 987 , 961, 917, 888,

872 cm-^

Chromic ac id  ox id a tion  o f  a lc o h o l (^)

To the  chromium triox id©  p yr id in e  complex prepared
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by adding chromium t r io x id e  (1 .1  g . )  t o  p y r id in e  (10 m l.) 

at 0 ° ,  was added pyrid ine s o lu t io n  o f  a lco h o l (1 .0 3  g. in

10 m l.)  and was allowed t o  stand overn ight. Contents were 

d ilu te d  w ith  w ater and taken  up in  e th e r .  i.i;her e x tr a c t  

was washed s u c c e s s iv e ly  with d i lu t e  hydroch lor ic  a c id ,  water 

and sodiumbicarbonate s o lu t io n  t o  remove a c id ic  c o n s t i tu e n ts .  

The aqueous la y e r  a f t e r  a c i d i f i c a t i o n  and e x tr a c t io n  with  

e th er  gave 0 .2  g .  acid:^c f r a c t io n .  The n eu tra l e th er  

e x tr a c t  a f t e r  evaporation  o f  so lv e n t  gave 0 .9134 g. crude 

o x id ised  product. 2:4 D.N.P. in  phosphoric a c id  (0 .25  g . )

(4 m l.)  was added t o  th e  n eu tra l product (0 .21  g . )  in  ethanol 

(20 m l.)  and allow ed t o  c o o l .  The d e r iv a t iv e  immediately  

separated  which was f i l t e r e d  and washed with h yd roch loric  

a c id .  I t  was rep eated ly  c i y s t a l l i s o d  from eth a n o l and 

brought t o  a constant m eltin g  p o in t  (1 6 5 ° ) .

A n a lysis  ; Found : N, 13.97^ ;

^21^26^4^4 *• 14.06%.

N eutral product ( 0 .7  g . )  was chromatographed over 

alumina (grade I I I ,  30 g . ) .  The k eton ic  fr a c t io n  was e lu ted  

w ith  benzene ; petroleum e th er  mixture ( 1 : 2 ) ;  u l t r a v io le t  

spectrum : ^  245 m^ , ( ^ , 1 ,557 );  I .fi .spectrum  -

bands at : 1739, 1672, 1635, 892 cm"^. Subsequent fr a c t io n s  

were mixture o f  ketones and unchanged a lc o h o l .
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CHAPTiiiR -  IV

STRUCTURE AND AESOLUTii: CONFI&URATIOM 

or KHUSINOL
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CHAPTER -  IV

SMART

Khusinol, a c i y s t a l l i n e  secondary, sesq u iterp en e  

a lc o h o l ,  i s o l a t e d  from Morth Indian v e t iv e r  o i l

i s  shown t o  have th e  a b so lu te  co n fig u ra t io n  repiTesented by 

th e  s tru c tu re  (2 6 ) ,  on th e  b a s is  o f  degradative  experim ents  

and i t s  conversion t o  ( - ) - )^ c a d in e n e  under m ild  c o n d it io n s .  

I t  be lon gs to  the unusual antipodal group o f  cadinenes,  

/j-C ad in en e  i s o la t e d  from Malabar lem ongrass o i l  has a ls o  

been shown t o  belong t o  the  same an tip od a l group.

2(>



The la ev o ro ta to ry  v e t iv e r  o i l  ( V e t iv e r ia

z iz a n io id e s  L inn.) from Bharatpur and Biswan area (Worth

India) on ca re fu l chromatography over n eu tra l alumina gave

a c r y s t a l l i n e  secondaiy sesqu iterpene a lc o h o l ,

m.p. 8 7 ° ,  as a major co n st itu e n t  in  an y i e l d  o f  about 20-50%.

In a d d it io n  t o  t h i s  se»ondary a lc o h o l ,  th e  o i l  a ls o  contained

another primaiy sesq u iterp en e  a lc o h o l ,  Khusol, m.p, 101-102°,

to  the ex ten t  o f  about 3%, Khusol w a s iso la te d  from Bharatpur

v e t iv e r  o i l  by Zutshi and Sadgopal^ and i t  was ch a ra c ter ised
2

by Hiattacharyya e t  a l  , as shown in  s tru c tu re  (2 5 ) .  We 

pixjpose t o  name the  secondary a lco h o l m.p. 87° as ‘k h u s in o l’ 

so  as t o  d is t in g u is h  i t  from the primary a lcoh o l khusol.

S tructure  o f  Khusinol
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Isolation of Khuslnol :

On th e  b a s is  o f  exjjerimental ev id en ces  which w i l l  

be described  in  th e  seq u e l,  g ro ss  stru ctu re  (26) and the  

ab so lu te  co n fig u ra t io n  (27) has been assigned  t o  k h u sin o l.

25
Khusinol belongs t o  the unusual an tipodal group 

o f  cadinenes and i s  o f  consid erab le  in t e r e s t  from b io g en e t ic



r i g . H  -  Infrared spectrum ( in  Hujol) o f  'K h u sin o l' .

Iig.15 - Inara-red sp act rum (liquid-film)

of Ketone (30) frcaii Kliusinol,



poin-t o f  view. Khusinol a ls o  appears t o  be the f i r s t  

secondary a lco h o l o f  the cadinane group reported so far .

In fra -red  spectrun o f  khusinol ( I ig .1 4 )  e x h ib ited  

bands at 34 00, 1074 (hydroxy group), 909, 898 and 1642 (and 

m ethylenic  double bond), 797 and 1667 ( t r i s u b s t i t u t e d  double 

bond), 1340, 1370 and 1166 ( iso p r o p y l  group)

On hydrogenation w ith  Adams c a ta ly s t  in  g l a c i a l  

a c e t i c  ac id  i t  absorbed two moles o f  hydrogen t o  furn ish  

tetra iiydrokhusinol (2 9 ) ,  C^^HggO, m.p. 9 3 -9 4 ° .  Perbenzoic  

acid  t i t r a t i o n s  a lso  showed th e  presence o f  two double bonds 

in  khusino l. Hence khusinol i s  a b i c y c l i c  sesqu iterpene  

a lc o h o l .  I t  d id  not show any absorption  maximum in  the  

u l t r a - v i o l e t  region  in d ic a t in g  th e  absence o f  conjugation .

Khusinol e a s i l y  formed a l i q u id  a c e ta te ,  Ĉ r̂ Ĥ gÔ  , 

on treatm ent w ith  a c e t ic  anhydride and p yrid ine  at room 

temperature in  good y i e l d .  On dehydrogenation w ith  selenium  

at 280- 286°, khusinol a fford ed  cadalene (ch a r a c te r ise d  through  

p ic r a t e ,  m.p. and mixed m e lt in g  point 115°) in  an e x c e l le n t  

y i e l d .  I t  i s  th e r e fo r e  a cad a len ic  sesqu iterp en e  a lc o h o l .

On o z o n o ly s is ,  i t  y ie ld e d  formaldehyde as th e  only v o l a t i l e  

fragment (dimedone d e r iv a t iv e ,  m.p, and mixed m.p, 189°) and 

no acetone was d e tec ted .  This further confirmed the  presence  

o f  an e x o c y c l ic  m eth y len ic  double bond. The n o n v o la t i le  

p ortion  gave p o s i t iv e  t e s t s  for a methyl ketone (iodoform  

t e s t )  and an aldehyde fu n ct io n , product a r is in g  from o z o n o ly s is  

o f  a t r i s u b s t i t u t e d  double bond.
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F ig . 16 -  In fra -red  spectrum ( i n  Nu^ol) o f  ’Dlhydrokhuainol*

F ig .17 - Infra-red spectrum (in Nu;jol) of Ketone (31)

from dihydrokhusinol.



gave an a-P -unsaturated  ketone (5 0 ) ,  °15«220- ( ^  max *

lo g  , 4 .0 1 ) .  I t s  in fr a r e d  spectrum (ELg. 15) showed 

in t e n s e  bands at 1653 and 1600 cm“ \  due t o  a-p-unsaturated  

carbonyl group, and fu rth er  a band at 14 22 cm”  ̂ suggested  

the presence of at l e a s t  one methylene group (d ig )  adjacent 

t o  th e  carbonj'-l. On p a r t ia l  hydrogenation in  presence o f  

p a lla d is e d  carbon in  e tj ia n o lic  s o lu t io n ,  khusinol absorbed 

only one mole o f  hydrogen and furn ished  dihydi’okhusinol (2 8 ) ,  

^15^26*^ , m.p, 111°, I t s  in fr a r e d  spectrum (I 'ig . 16) c le a r ly  

showed absence o f  m ethylen ic  double bond. Dihydrokhusinol

(28) on chromic a c id  ox id ation  in  a c e t i c  ac id  iUrnished a 

c r y s t a l l in e  a-|3-unsaturated  ketone (3 1 ) ,  , m.p. 96 -97° .

I t s  u l t r a v io l e t  spectrum ( „ 233 m^ , lo g  (r , 4 .1 4 )  andmsLX
in fr a r e d  spectrum ( H g .  17, in te n s e  bands at 1647 and 1613 cm“ )̂ 

c le a r ly  in d ic a te d  th a t  th e  secondary hydrox^'’ group in  dihydro

khusinol was a l l y l i c  t o  the t r i s u b s t i t u t e d  double bond. On 

complete hydrogenation with Adams c a ta ly s t  in  g l a c i a l  a c e t i c  

a c id  dihydrokhusinol absorbed another mole o f  hydrogen and 

furniohed tetrahyd rok h u sin o l (29) *̂15^28  ̂ * chromic ac id  

ox id a t io n , i t  gave a lic iu id  sa tu ra ted  ketone (3 2 ) ,  C^^H2gO , 

i n  which I .E .  band at 1704 cm“  ̂ ( I ig .1 8 )  in d ic a te d  th e  keto

group on a s i x  membered r in g .  Oxidation o f  khu sin o l w ith  
.*
a c t iv a te d  manganese d iox ide y ie ld e d  th e  ketone in  an un- 

s a t i s f e c t o r y  y i e l d .

Kuhn-Hath e s t im a t io n s  o f  khusinol and dihydro

khusinol (1 .7 5  and 2 .22  r e s p e c t iv e ly )  showed a d e f in i t e  r i s e
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Khusinol on chromic acid oxidation in acetic acid



i n  th e  C-CH  ̂ groups in d ic a t in g  th a t  th e  m ethylenic double 

bond was not present in  the Cy iso p ro p y l s id e  chain , and 

most probably may be at or .

The lo c a t io n  o f  th e  secondary hydroxy group was 

proved in  th e  fo llo w in g  way. The sa turated  ketone (32) 

obtained by chromic a c id  o x id a t io n  o f  te trah yd rok h u sin o l,  

was tr e a te d  w ith methyl magnesium io d id e ,  t o  y i e l d  the  

carb ino l (3 3 ) ,  which on dehydrogenation with selenium  afforded  

7-m ethylocadalene (3 4 ) .  Foraation o f  7-m ethyl-cadalene from 

te trah yd rok husino l proved th e  lo c a t io n  o f  th e  secondary  

liydroxy group at carbon atom 3 o f  the cadinane sk e le to n .

A dditional p r o o f  for th e  p o s i t io n  o f  th e  t r i s u b s t i 

tu te d  double bond in  khusino l was obtained by the l a b e l l i n g  

method o f  Campbell and Sofffer^, ^ o x y  a lco h o l (35) prepared  

by the a c t io n  o f  perbenzoic  a c id  on dihydrokhusinol was tr e a te d  

with methyl magnesium io d id e .  The d io l  (36) thus obtained  

on subsequent dehydrogenation w ith  selenium  a fford ed , 1 , 2 ,5 -  

tr im ethy lnapthalene  (37) i d e n t i f i e d  through th e  1 ,3 ,5 -T .K .B .  

and p ic r i c  a c id  complexes. In troduction  o f  methyl group 

at 0  ̂ p o s i t io n ,  e lim in ated  th e  bulky iso p ro p y l group at 

during dehydrogenation r e s u l t in g  in  the formation o f  1 ,2 ,5 -
4

t  rime thy Inapt halene .

A ll th e se  r e a c t io n s  shown sch em a tica lly  in  chart I 

c o n c lu s iv e ly  prove th e  g ross  s tru c tu re  (26) a ss ig n ed  t o  

khusino l.
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n g . 1 8  -  In fra -red  spectrum ( l iq .u id  cell ,) o f  Ketone (52)
0 -0 5 )T 1 T n .

from Tetrahydrokhusinol.

F ig . 19 -  Infl:a-red spectrum ( l iq .u id  film) o f  Oxide ( ? )*
frcaa Khusinol.



With a view t o  e lu c id a t in g  th e  ab so lu te  configu

ra t io n  o f  asymmetric c e n tr e s  o f  k h u sin o l,  i t  was converted  

t o  i t s  t o s y l  d er iv a t iv e  by t r e a t in g  w ith  t o s y l  ch lor id e  in  

pyrid ine s o lu t io n  at room temperature for  80 hours in  an 

y ie l d  o f  about 80%, a co n d it io n  which was found t o  be optimum. 

Attempts t o  increase  th e  y i e l d  o f  th e  to a y la te  by h ea tin g  at 

50° for 48 hours r e s u lte d  in  th e  fo m a t io n  o f  a product, in  

which n itro g en  and sulphur were absent. Absence o f  k e to n ic

and hydroxy fu n ct ion s  was c le a r  from i t s  in fr a -r e d  spectrum
— 1( I l g ,  19) and an in ten se  band at 1264 cm in d ic a te d  th a t  

probably i t  may be an ox id e , an argument which was supported  

by i t s  e lem enta l a n a ly s is .  Inflrared spectrum showed the  

presence o f  m eth y len ic  (1642 and 893 cm“ ”*) and t r i s u b s t i t u t e d  

double bonds (1669 and 800 cm” ^). I t  e x h ib ite d  u l t r a - v i o l e t  

absorption  maximum at 250 mji ( lo g  ^ , 4 .0 9 ) .  I t  i s  being  

fu rth er  examined.

Attempts t o  i s o l a t e  the  t o s y la t e  in  a pure form, 

which appeared to  be a c r y s t a l l i n e  d e r iv a t iv e  by irechrcsnato- 

graphy r e su lte d  i n  decom position o f  th e  t o s y la t e  and subsequent 

formation o f  conjugated  d ie n e s .  These products were not 

stu d ied  in  d e t a i l s .  At one s ta g e  we were fortu n ate  t o  i s o l a t e  
••
th e  t o s y la t e  in  a pure form by care lUl chromatography. I t s  

in fra red  spectrum i s  reproduced in  I lg .  20.

The crude t o s y la t e  (c o n ta in in g  sm all amount o f  

unchanged a lc o h o l  which was not p u r i f ie d  for  reasons s ta te d
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Absolute Confl,quration of Khusinol
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T ig. 20 -  In fra -red  spectrum o f  T osy la te
o f  K husinol.
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(-)-./-cadinene from Khusinol.



above) on redu ction  w ith  lithiiJin aluminium hydride and 

subseq.uent chromatography gave a hydrocarbon (3 9 ) ,  ^15^24 * 

in  good y i e l d .  I t s  in fr a -r e d  spectriim ( l i g ,  21) and other  

physicochem ical con stan ts  were id e n t ic a l  w ith  th ose  o f
Ofi n

(+ ) - / -c a d in e n e  (4 1 , [a]j) + H 8  ) i s o la t e d  by P l iv a  and
5

coworkers from c i t r o n e l l a  o i l .  However, i t s  s p e c i f i c  

r o ta t io n  ( -1 5 3 °)  c le a r ly  in d ic a te d  th a t  th e  hydrocarbon ( 39) 

obtained from khusinol jyas th e  o p t ic a l  antipode o f  ( + ) - / -  

cadinene (4 1 ) .

To lUrtlier confirm the an tip od a l nature o f  th e  

hydrocarbon (5 9 ) ,  i t  was converted  to  i t s  c r y s t a l l in e  dihydro

ch lor id e  (40) by p a ss in g  dry hydrogen ch lo r id e  in  e th e r e a l  

s o lu t io n .  I t s  m elting  p o in t ,  117?5 , was id e n t ic a l  with  

th a t  o f  normal cadinene d ihydroch loride (m.p. 118°), but i t s  

s p e c i f i c  r o ta t io n  (+ 36° . 2) was equal but opposite in  s ig n  

t o  th a t  o f  normal cadinene d ihydroch loride ( -  36° ) .

Mixed m e lt in g  po in t o f  (+ ) -cad inene d ihydrochloride  

(40) from khusinol w ith  an au th en tic  sample o f  ( - ) -cadinene  

dihydroch loride (42)^* showed d ep ress ion  (1 0 2 ° ) ,  which i s  in  

accordance with e x p e c ta t io n ,  s in ce  ( + ) -cadinene d ihydroch loride  

m.p. 105-6° has been obtained frcan. o p t i c a l ly  in a c t iv e  

(^-cadinene^**^ and has a l s o  been synthesised® .
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*  We are thankfUl t o  Dr. iJukh Dev for  th e  sample o f  ( - ) -cadinene
o 25dihydroch loride m.p. 118 , ( [a ]jj -  36 ) and symmetrical T.H.

B. adduct o f  1 ,2 ,5 - t r im e th y l  napthalene.
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Absolute co n fig u ra t io n  o f  cadinenea and ca d in o ls  

y ie ld in g  ( - ) -c a d in e n e  d ihydroch loride have been detennined  

on the b a s i s  o f  X-ray d i f f r a c t io n  measurement o f  ( - ) -c a d in e n e  

dihydrochloride^ (42) and a lso  by determ ining th e  abso lu te  

co n fig u ra tio n  at by i s o l a t i n g  D-(+) isop rop y l su c c in ic  

acid  (43)^^, an u lt im ate  product o f  o x id a t ive  degradation o f  

p-cad inene. Same conclusion  has been a rr iv ed  at by compara

t i v e  study o f  th e  ro ta to ry  d is p e r s io n  curves o f  th e  ketones

(44) and (45) obtained from a-cadinol"*^ with th a t  o f  ketone 
12(46) whose ab so lu te  c o n fig u ra t io n  i s  known. Conseq.uently, 

( - ) - / - c a d in e n e  from khusinol and (+ )-cad inene d ihydroch loride  

obtained from i t  are 3?epresented by th e  a n tip od a l conflgu ra-  

-Elons (39 and 4 0 ) .  The opticeil ro ta to ry  d is p e r s io n  curves*

* We are g r a te fu l  to  P rof. W. Klyne for determ ining the O.R.D. 
Curves o f  th r e e  samples o f  cadinene d ih ydroch loride .



(T ig .  22) o f  (+) cadinene d ihydroch lorlde from ( - ) - /-c a d in e n e  

obtained through khusinol and th e  normal ( - ) -cad in en e  dihydro

ch lo r id e  a ls o  show enantiom eric r e la t io n s h ip ,  showing p la in  

p o s i t iv e  and p la in  negative  co tto n  e f ifec t .  Khusinol, 

th e r e fo r e ,  can be represented  by th e  absolu te  co n fig u ra tio n

(47) where th e  hydroxy group i s  ass ign ed  a -e q u a to r ia l  orien

t a t io n  from i t s  ease o f  e s t e r i f i c a t i o n .
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Tig. 22 I O.R.D, Curve o f
----- (+) Cadinene d ih ydroch loride  (from khusinol)
------- (+) Cadinene d ihydroch loride ( ii*om )^cadinene)
____ ( - )  Cadinene dihydrochloride (inMeOH).
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A survey o f  l i t e r a t u r e  in d ic a te s  th a t  (+ )-cad in en e

dihydroch loride has been p r ev io u s ly  obtained by R.Gardner"*^

ftom a la e v o r o ta to r y  sesq u iterp en e  fra c t io n  o f  the  o i l  o f

M etrosideros scandens. The dihydrochloride prepared frcra

i t  had a m.p. 118°, + 50'  ̂ (C, 4% in  chloroform ), Erom

a study o f  th e  mixed m elt in g  p o in t  curve o f  (+) dihydrochloride

and th e  usual ( - )  d ihydroch loride he concluded th a t  they were

o p t ic a l  an tip o d es .  The same o i l  was l a t e r  on stu d ied  by

Birch^"^, who separated  aromadendrene C [a ]  -  22° ) and

1-cadinene ( [a ]  -  80° ) from i t .  This 1 -cadinene again  
/•

^ r n is h e d  (+) cadinene d ihydroch loride.

P rev io u s ly ,  /^ -cad inene has been i s o la t e d  in  t h i s  

lab oratory  from Malabar lemongrass o i l  and i t s  s tructure



e lu c id a te d .  I t  a l s o  g iv e s  cadinene d ih yd roch lor id e ,  

m.p, 118°. I t s  s p e c i f i c  r o ta t io n  whicli was not deteirained 

at th a t  time has now been found t o  be + 5 6 .8 ° .  I t  does 

not depress the m e lt in g  po in t o f  (+ ) -cadinene dihydrochloride  

obtained from ( - ) - / - cadinene v ia  k husino l but dep resses  the  

m elt in g  p o in t  o f  ( - ) -c a d in e n e  d ih yd roch lor id e . /^-Cadinene, 

t h e r e fo r e ,  a ls o  belongs to  antipodal group and i s  a ss ig n ed  

th e  ab so lu te  co n fig u ra t io n  (4 8 ) .

Khusinol may be id e n t i c a l  w ith  cussol^  Iso la ted
17and p r e l im in a r i ly  examined by Zutshi and Sadgopal .
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V etiver  o i l  waa obtained from r e l i a b l e  su p p liers  

at Kannauj, con tacted  through (Jovernraent A gencies.

Physicochem ical p r o p e r t ie s  o f  the  o i l  were 

determined. Sp. gra^^ 0 .9 9 1 4 , n^  ̂ 1 .5182, [a]p^ -3 2 .2 6 ,  

e s t e r  n o . ,  16 .15 , ac id  Iilo.9.7, e s t e r  no. a f t e r  a c e ty la t io n ,  

123*3. Carbonyl content 13.7% (Hydrox^^'-lamine hydrochloric  

method).

I s o la t io n  o f  Khusinol (26) :

V etiver  o i l  (400 g .)  was chromatographed on neu tra l  

alumina (grade I I ,  6 kg .)  and e lu ted  s u c c e s s iv e ly  with  

petroleum e th er  (15 1 . ) ,  e th e r  (14 1 . )  and a lcoh o l (10 1 . ) .

The product (250 g . )  obtained by e lu t io n  vtith e th er  was 

re chromatographed on n eu tra l alui^ina (grade I I ,  3 .3  k g . ) .

The v isc o u s  petroleum e th e r  e lu a te  dep osited  c r y s ta ls  o f  

khusinol on keeping at 0*̂ . The c r y s t a l s  (20?  ̂ from Bharatpur

o i l  and 30?̂  from Biswan o i l )  were f i l t e r e d  o f f  and r e c r y s ta 

l l i s e d  from petroleum e th e r ,  m.p. 87°; -  174.4° (C, 5 .03)

A nalysis  : Pound j C, 8 1 .0 3 ;  ?

C.cHo/iO req.uires : G, 8 1 .7 6 ;  H, 10.98fj.IP
A

•I.R . spectrum (T ig .  14) ; Bands at 3400, 1709, 1667, 1642, 1372, 

1340, 1282, 1241, 1215, 1166, 1116, 1074, 1045, 1029, 1010, 909, 

898, 877, 851, 833 and 797 cm” ^.



Khusinol (0 .5  g . )  was t r e a te d  w ith  pyrid ine  (50 m l.)  

and a c e t i c  anhydride (7  m l.)  at rocan temperature for  24 hours. 

Contents wei^ poured i n t o  crushed i c e  and processed  in  the  

usual way. The crude a c e ta te  (0 .641 g . )  was chromatographed 

on alumina (grade I I ,  20 g . )  and th e  petroleum eth er  e lu a te  

a f t e r  evaporation  o f  so lv en t was d i s t i l l e d  (0 .503  g . ) ,  

b .p . 1 5 0 ° (b a th ) /0 .5  mm;* n^® 1.4999; [a]^® -168?4 (C, 6 .8 5 5 ) .

A n a lysis  : Ibund ; G, 7 8 .0  ; H, 10.1 .

^17^26^2 77 .82; H,

I .E .  spectrum -  Bands at : 1715, 1625, 1220, 1050, 890,

795 cm“ \

Dehydrogenation o f  Khusinol (26)

Khusinol (0 .5  g . ) was heated with selenium powder 

(1 g . ) at 280-286° for 17 hours in  n itrogen  atmosphere. The 

dehydrogenated product was e x tr a c te d  w ith e th er  and f i l t e r e d  

t o  g iv e  0.31 g . o f  de hydrogen at ion  product. Gadalene 

content was about 90% on the b a s i s  o f  u l t r a v io l e t  spectrum.

I t  r e a d ily  formed cadalene p ic r a t e ,  m.p. and mixed m.p, with  

an authentic  specimen was 115°.

.p,
Ozonolysis o f  Khusinol (26)

A stream o f  dry ozonised  oxygen was passed through  

a s o lu t io n  o f  Khusinol (0 .146  g . )  in  dry chloroform (20 m l.)
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for  3 h rs. at 0 ° .  The ozonised s o lu t io n  was steam d i s t i l l e d  

and th e  d i s t i l l s c t e  conta in ing  chlorofbrm was t r e a te d  with  

dimedone s o lu t io n  (0 .5 2  g. in  200 ml. w ater).  Chlorofonn 

was removed by d i s t i l l a t i o n  and on coo lin g  formaldimethone 

sep arated , which was f i l t e 2?ed and dried  t o  constant weight 

(ra.p, and mixed m.p. 189°, 0 .052  g . j  26.85% o f  th e o iy ) .

The steam d i s t i l l a t e  gave n egative  iodoform t e s t .  The 

decomposed ozonide was jxtracrted w ith  ether and solvent  

evaporated. The n o n -v o la t i le  r*esidue gave p o s i t i v e  iodoform 

t e s t  in  dioxan and reduced T b h ling 's  s o lu t io n .

Ketone (50) £rom Khuzinol

A s o lu t io n  o f  chromium t r io x id e  ( 2 .8  g . )  in  

minimiun amount o f  water was added t o  a s o lu t io n  o f  khusinol 

( 5 .2  g . )  d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  (15 m l.) under

co o lin g  and shaking during 10 m inutes, follow ed by h ea tin g

on a water bath for  one hour and was then  l e f t  overnight 

at room tem perature. R eaction mixture was d ilu ted  with at 

water and ex tr a c te d  w ith e th er .  ifither ex tr a c t  was separated  

in t o  a c id ic  (0 .1 5  g . )  and n eu tra l p arts  ( 4 .2  g . ) .  The neutrj 

product a f t e r  chromatography on alumina (grade I I ,  80 g . )  gav< 

th e  pure ketone (3 0 , 0 .45  g . ) on e lu t io n  w ith petroleum ether, 

b .p .  1 5 5 - l6 0 ° (b a th ) /2 .5  mm; 1.5315; [a]^^ + 49 .8 6 °

(C, 5 .2 3 4 ) .
I

A nalysis  ; round j C, 81 .79 ; H, 10 .25 .

*̂ 15̂ 22*̂  req u ires  ; C, 82 .51 ; H, 10.16%.
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for  3 hra. at 0 ° .  The ozonised s o lu t io n  was steam d i s t i l l e d  

and th e  d is t i l la r t e  conta in ing  chlorofoim  was t r e a te d  with  

dimedone s o lu t io n  (0 .5 2  g . in  200 ml. w ater). Chlorofoim  

was removed by d i s t i l l a t i o n  and on coo lin g  formaldimethone 

sep arated , which was f i l t e r e d  and dried  t o  constant weight 

(ra.p, and mixed m.p. 189° ,  0.052  g . ; 26.83^ o f  t h e o iy ) .

The steam d i s t i l l a t e  gave n egative  iodoform t e s t .  The 

decomposed ozonide was gx tracted  w ith  e th er  and so lven t  

evaporated. The n o n -v o la t i le  residue gave p o s i t i v e  iodoform  

t e s t  in  dioxan and reduced T eh lin g ’ s s o lu t io n .

Ketone (30) from Khuzinol

A s o lu t io n  o f  chromium t r io x id e  ( 2 ,8  g . )  in  

minimum amount o f  water was added t o  a s o lu t io n  o f  khusinol  

( 5 .2  g . )  d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  (15 m l.)  under 

co o lin g  and shaking during 10 m inutes, fo llow ed by heatin g  

on a water bath for one hour and was then  l e f t  overnight 

at room tem perature. R eaction mixture was d ilu te d  with at  

water and ex tra c ted  with e th er .  iither e x tr a c t  was separated  

in t o  a c id ic  (0 .1 5  g . )  and n eu tra l p a r ts  ( 4 .2  g . ) .  The neu tra l  

product a f t e r  chromatography on alumina (grade I I ,  80 g . )  gave 

th e  pu2?e ketone (3 0 ,  0.45  g . ) on e lu t io n  w ith  petroleum e th er ,  

b .p .  1 5 5 - l6 0 ° (b a th ) /2 .5  mm; n̂ "̂  1.5315? [a]^^ + 4 9 .8 6 °

(C, 5 .2 3 4 ) .

A nalysis  ; Found ; G, 8 1 .79 ; H, 10 .25 .

C15H22O req u ires  : 0, 82 .51 ; H, 10.16%.
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Ketone (31) from dihydrokhusinol

Chromium t r io x id e  ( 0 .3  g . )  d is s o lv e d  in  minimum 

amouni; o f  water was added t o  a s o lu t io n  o f  dihydrokliusinol 

(0 .4 8  g . ,  m.p. 108-110°) in  g l a c i a l  a c e t i c  a c id  (8 m l.)  

under co o lin g  and shaking during 5 m inutes. The rea ctio n  

mixture was h eated  on a water bath for 1 hour and was l e f t  

overnight at room tem perature. Contents were d i lu te d  with  

water and ex tr a c te d  rep ea ted ly  with e th er . Jither la y e r  

was washed s u c c e s s iv e ly  w ith  water, sodium bicarbonate  

s o lu t io n  (8^) and f i n a l l y  with water and d ried . A fter  

removal o f  s o lv e n t ,  residue (0 .4 9 6  g . )  was chromatographed 

over alumina (grade I I ,  15 g . ) .  The pure ketone (31) was 

e lu te d  with a mixture o f  petroleum ether-bonsene ( 1 : 1 ) ,  

m.p. 92°, which a f t e r  carefU l sub lim ation s was 96-97°;

+ 4 3 .3 7 °  (0 ,  1 .5 7 5 ) .

A nalysis  : Pound ; C, 8 1 .8  j H, 10.91.

Cir,H2^0 re q u ir e s  ; C, 8 1 .7 6 ;  H, 10.98%.

U.V. spectrum : Tv 235 m^ , lo g  ^ , 4 .1 4 .

I .R . spectrum ( in  N ujol, i i g .  17) bands at : 1647, 16 1 3 , 14 29, 

1377, 1366, 1304, 1274, 1227, 1l7b>, 1089, 1056, 1026, 1009,

983, 923, 905, 893, 884, 873, 858, 821, 799 cm“\

^ etrejiydrikhusino l ( 29)

A s o lu t io n  o f  dihydrokhusinol (m.p. 107-111°, 3.36 g .)  

in  g l a c i a l  a c e t ic  a c id  (25 m l.)  was hydrogenated at room
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temperature and atmospheric pressure in  th e  presence o f  

Adams c a ta ly s t  (0 .014  g . ) .  The hydrosenation  was complete 

a f t e r  th e  absorption  o f  350 ml. hydrogen corresponding t o

0 .8 5  mole o f  hydrogen during 5 hours. C ata lyst was f i l t e r e d

o f f  and th e  f i l t r a t e  n e u tr a l is e d  w ith  potassium hydroxide 

s o lu t io n  and the hydrogenated product taken up in  e th er

Either la y e r  was washed t i l l  n eu tra l and dried . Tetraiiydro- 

product (3 .2 2  g . )  was c^iromatoc;:raphed over alumina (tirade IIIj 

100 g . )  and e lu te d  with petroleum e th e r  and petroleum eth er  ; 

benzene mixture (1 j1 )  and sublimed t o  g iv e  tetrahydrokhusinol

(2 9 ) ,  m.p. 93 -94°; s 2 0 .8 4 ° .

A n a lysis  ; Found : C, 79.53; H, 12.46;

^15^28° req u ires  : C, 80 .29; H, 12.58%.

1,R. spectrum ; bands at : 3260, 1376, 1351, 1342, 1269, 1192,

1156, 1134, 1099, 1050, 1040, 960, 887, S60, 840, 825, 795 cm“

Some s l i g h t l y  lower m e lt in g  f r a c t io n s  having nearlj 

id e n t i c a l  IR sp ec tra  were a ls o  obtained . This e v id e n t ly  was 

due t o  presence o f  isom ers. A tra ce  o f  hydrocarbon was a ls o

formed due t o  h yd rogen o lys is  o f  the a l l y l i c  hydroxyl group.

Ketone (32~) from tetrahyd rok liusino l

w. A s o lu t io n  o f  te trah yd rok husino l (4 g . )  in  g l a c i a l

' a c e t i c  ac id  (50 m l.)  was ox id ised  w ith  chromium t r io x id e  (4 g. 

fo l lo w in g  th e  procedure described  e a r l i e r .  Ketone (32) forme 

was p u r if ie d  by chromatography and d i s t i l l a t i o n j
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b .p .  1 4 0 -5 0 ° (b a th ) /3 .5  mm.; + 18 .8°  (C, 5 .1 5 5 ) ;

1 .4849.

A n a ly s is  t Found : G, 81 .5  ; H, 11.9 ;

^15^^26  ̂ r e q u ir e s  : C, 81.02} H, 11.79%.

I.R . spectrum ( I lg .  18) bands at ; 1704, 1453, 1418, 1377, 1361,

1326, 1290, 1266, 1225, 1200, 1186, 1168, 1136, 1120, 1111,

108 3, 106 3, 104 2, 1018 ,,9  73 , 940 , 920 , 905 , 89 3 , 873 , 860,

825, 797 cm "\

Sri^nard r e a c t io n  on tetrahydroketone and dehydrogenation  

o f  th e  ca rb in o l (33")

The e th erea l  s o lu t io n  o f  tetrahydroketone (32)

(0 .7 5  g . )  was added dropwise t o  methyl magnesium/iodide  

prepared from magnesium (0 .4 9  g . ) and methyl io d id e  (1 .5  m l.)  

in  dry e th e r  (10 m l.) w ith  coo lin g  and s t i r r in g .  The mixture 

was re f luxed  for 3 hours. Grignard complex was then  

decomposed by the a d d it io n  o f  sa tu ra ted  ammonium ch lo r id e  

s o lu t io n  at 0 ° ,  e x tra c ted  w ith  e th e r ,  washed with w ater , dried  

and so lv e n t  evaporated when crude carb in o l (0 .8 7  g . )  was 

obtained . IR spectrum showed the presence o f  small amount 

o f  k eto n ic  im p u r it ie s  which was removed by chromatography 

over alumina (grade I I ,  80 g . )  and e lu t io n  w ith  petroleum  

e th e r .  A portion  o f  the  carb in o l (0 .1 9  g . )  e lu te d  with

petroleum e th er  : benzene mixture (1 :1 )  was heated with  

p a l la d is e d  carbon (30%, 0 .1  g . )  at 300-330° for 20 hours
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in  n itro g en  atmosphere. The dehydrogenated product was 

taken  up in  e th er ,  washed w ith  c a u s t ic  soda s o lu t io n  (5%), 

water and d ried , and e th e r  evaporated. The residue (0 .145  g .)  

was chromatographed over alumina (grade I I ,  20 g . )  and e lu te d  

w ith petroleum e th e r  t o  y i e l d  the  hydrocarbon (0 .1 1  g . ) .  It 

fu rn ish ed  1:3:5 T .N .B. d e r iv a t iv e  o f  T-methyl^cadalene (34)»  

m.p. 126°.

A n alysis  : 'round : C, 62 .5  ; H, 5 .2  ; S, 10.0;  

^22^23^6^3 req u ires  : C, 62 .36; H, 5 .4 5 ;  N, 9.88%.

iSpoxy a lco lio l  (35) froju d ih yd rik h u sin o l

Dihydrokhusinol ( 1 .7  g . )  d is so lv e d  in  chloroform  

(5 m l.) was tr e a te d  w ith  a chloroform s o lu t io n  o f  perbenzoic  

a c id  (120 m l. ,  0.25N) and kept at 0 °  for 16 hours. Chloroform 

s o lu t io n  was washed w ith  b icarbonate , water and dried .  

iiVaporation o f  so lven t gave crude epoxy a lco h o l (35) (1 .8 6  g . ) .  

I.R .spectrum  bands at : 3280, 1700, 1263, 1214, 1111, 1089, 

1010, 909, 872, 840, 826, 713, cm "\

Itehvdro/Tenation o f  d io l  (36)

A s o lu t io n  o f  the epoxy a lco h o l (1 .8 6  g . )  in  dry 

e th er  (10 m l.) was added t o  methyl magnesium iod id e  prepared  

jfrom magnesium (4 .1  g . )  and methyl io d id e  (20 m l.)  in  dry 

e th e r  (30 m l.)  under co o lin g  and s t i r r i n g  during one hour 

and th en  refLuxed for 47 hours. iiH;hanol (20 m l.)  was added
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dropwise fo llow ed  by cold  d i lu t e  su lphuric  a c id .  Contents 

were taken up in  e th e r ,  washed w ith  water t i l l  n eu tra l and 

d ried . On evaporation  o f  so lv e n t  d io l  (X, 2 .28  g . )  was 

obtained. I t  was mixed w ith  seleniuia powder ( 4 .2  g . )  and 

heated at 275-80° for 24 hours in  n itrogen  atmosphere. The 

product was taken  up in  e th e r ,  concentrated  and passed through  

alumina column (grade I ,  30 g . )  t o  y ie l d  1 :2 !5 - tr im e th y l-  

naphthalene (1 .2 4  g . )  UV spectrum i 227, mji , lo g  ^ 4 .7 7 ; ̂ IucIa
284 , lo g  (r , 3 .5 1 .  I t  gave a p ic r a te  wliich a f t e rin  •

two c r y s t a l l i s a t i o n s  from eth an o l melted at 136-39°. I-Iydro- 

carbon (0.43B6 g . )  was regenerated  by p a ss in g  th e  p icra te  

t h r o u ^  alumina column (grade I ,  12 g . )  and T.N.B. adduct 

was prepared, m.p. and mixed m.p, w ith  an a u th en t ic  sample 

was 160°.

A nalysis : Found ; C, 5 9 .7 5 ;  H, 4 . 2  ; x., 11.5;

C^gH^^Og req u ire s ;  C, 5 9 .5 3 ;  H, 4 .4 7 ;  î , 10.96J».

T o sy la t io n  o f  Khusinol at 50°

Khusinol (3 .1  g . )  was d is s o lv e d  in  p yr id in e  (50 ml.)

mixed with p -to lu en e  solphonyl ch lo r id e  (4 g . )  in  pyrid ine

(10 m l . ) .  The con ten ts  in  a stoppered  co n ica l  fLask, were

kept in  a therm ostat at 50° for 48 hours. It was processed

in  th e  usual way. The crude t o s y la t e  (4 g . )  was chromato-

• graphed on alumina, (grade I I I ,  12D g . ) .  The petroleum ether

e lu a te  a f t e r  evaporation  gave th e  residue (1 .056  g . ) .  I t  was
o 23d i s t i l l e d  under reduced p ressu re , b .p .  142-145 / 2  mm; n̂  ̂ 1 .5270.
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Analysis
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Found 2 G, 78.84} H, 10.3 ;

C, 78.7 5 H, 9.4% .

U.V. spectrum : A  250 ravi , 6  ,12270 .nicix* ^
I .R . spec-trum ( I l g .  19) bands at : 3096, 1669, 164 2, 1608, 1389, 

1370, 1264, 124 2, 1220, 1176, 1136, 1099, 1070, 1041, 1024,

998, 893, 842, 800, 694 cm""’ .

T o sy la t io n  o f  Khusinol at 40^

Khusinol (4 .8  g . )  d is so lv e d  in  dry p y iid in e  (50 m l,)  

was added t o  p -to lu en e  sulphonyl ch lo r id e  (5 g . )  d is so lv e d  

in  p yrid ine  (50 m l.)  in  a stoppered c o n ic a l  fLask. The 

contents  we.re p laced  in  a theiraostat at 40°  for 48 hours and 

at room temperature (25°) fo r  5 days. The crude t o s y la t e  

(5 .2 9  g . )  was i s o la t e d  in  the  usual way and was chromatographed 

over alumina (grade I I I ,  150 g . ) .  The r e s u l t s  o f  chromato

graphy are recorded in  Table I .

Table -  I

Ii*ac.
No.

Eluent No. o f  ml. 
c o l l e c t e d

? /t .in  g . Remarks from IR

1 Hexane 200 0.1 Oxide
2 tj 300 0.4595 pure t o s y la t e .

3
It U 0 .647 mixture o f  t o s y la t e  

and a lc o h o l .
4 200 0 .457  ) 

0 .267   ̂
2.947 ^

5 n 300 Unchanged a lc o h o l .
6 Benzene 500



Fraction 2 (Table I) s o l i d i i l e d  on c o o l in g ,  Erom i t s  

in fr a r e d  spectrum i t  appeared t o  be the pure t o s y la t e .

I.R .spectrum  ( U s . 20, m elted  l iq u id  film ) bands at : 1653,

1597, 1493, 1364, 1333, 1307, 1290, 1217, 1186, 1170, 1122,

1095, 1064, 1038, 1028, 998, 963, 929, 913, 901, 881, 853,

840, 818, 792, 707, 694, 671 cm ~\

(_)-y-cadinene (39)

A mixture o f  kiiusinol (2  g . ) in  diy p yr id in e  (35 m l.)  

and fr e s i i ly  c r y s t a l l i s e c i  p -to lu en e  su lphonyl ch lor id e  (2  g . )  

in  dry p y r io in e  (10 m l.)  was kept at room temperature for  

80 hours. I’liree such independent batch es  were then  ccanbined 

and poured in t o  crushed ic e  and taken up in  e th er .  iither  

la y e r  was washed s u c c e s s iv e ly  with d i lu t e  hydroch loric  ac id ,  

w ater, sodium bicarbonate s o lu t io n ,  f i n a l l y  w ith water and 

d ried . A fter  evaporating the so lv e n t  crude to s y la t e  (6 .2 6  g .)  

was obtained . The in fr a r e d  spectrum showed a weak hydroxy 

band (3300 cm“ )̂ and in te n se  bands due t o  t o s y l  group (1603, 

1500, 1186, 1170, 1095 cai'"^). The t o s y la t e  (6 .26 g . ) in  

dry e th e r  (25 m l.)  was added dropwise t o  a slurry  o f  l i th iu m  

aluminium hydride ( 2 .1 2  g . )  in  dry e th e r  (50 m l.)  at 0 °  Vifith 

s t i r r i n g ,  which was continued for  30 m inutes. The contents  

were th en  re fluxed  for  15 hours. The e x c e ss  o f  l i th iu m  

aluminium hydride was decomposed c a u t io u s ly  by th e  a d d it io n  

o f  m oist e th er  and water. iither la y e r  was separated and the  

aqueous la y e r  was e x tr a c te d  se v e r a l  t im es  v?ith e th e r .  Combined 

e th e r  e x tr a c t s  were washed w ith  water t i l l  neutrixl, d r ie d ,  and
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e th e r  evaporated. The res id u e  (4 .1 9  g . )  was chromatographed

over alumina (grade I ,  120 g . )  and th e  column e lu te d  w ith

petroleum e th e r  t o  g iv e  ( - ) -y -c a d in e n e  (2 .5  g . )  which was 

d i s t i l l e d  over sodium, b .p .  13 0 -5 3 ° (b a th ) /4 .5  mm; 1.5085; 

d̂ "̂  0 .9189; -  155° (C, 2 .476);

A nalysis  ; Pound ; C, 8 8 .2 2 ;  H, 11.76;

^15^24 3 8 .1 6 ;  H, 11.84^.

I .R .spectrm n ( I i j . 2 1 )  bands at i 5077, 1767, 1665, 1642, 1591, 

1579, 1562, 1552, 1517, 1285, 1263, 1247, 1 2 1 8 (s ) ,  1187,

1 1 6 5 (s ) ,  1150, 1102, 1089, 1070, 1050, 1040, 1020, 996, 969, 

954, 945, 920, 387, 855, 792, cm"'’ .

D ihydrochloride (40) o f  (-)-)< -cad inene

Dry gaseous hydrogen ch lor id e  was bubbled through  

e th e r e a l  s o lu t io n  o f  hydrocarbon (1 .2  g . in  75 r*il.) for 2 hours 

at -1 0 °  and was s e t  a s ide  overnight at 0 ° .  Solvent was 

removed at 40° under s u c t io n .  On co o lin g  c r y s ta l s  d ep osited  

wliich a f t e r  one c r y s t a l l i s a t i o n  from dry petroleum ether  and 

e th er  (1 :1 )  gave th e  d ih yd roch lor id e , m.p. 1 1 7° .5 ,  [°t]^^+36,27 .

A nalysis : Found : 01, 25 .9;

C^^Hg^Clg re q u ir e s  ; 01, 25.825ii.

5 ixed  m.p. w ith an a u th en t ic  sample o f  cadinene dihydroch loride  

(m.p. 118°, -  56°) was depressed t o  102°.
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